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ANNOTATION 


The book traces the principal information on the historical development /2* 

of aviation medicine in our country, describes the structure of the Earth's 
atmosphere, gives a brief survey of human anatomy and physiology, and also 
discusses the effect of various flight factors on man. It also specifies the 
physiological and hygienic requirements for cabins of modern aircraft and the 
oxygen-respiration apparatus, discussing the influence of particular aspects 
of flights under difficult meteorological conditions and at night on the 
pilot's body. The problems involved in feeding a flight crew are discussed 
at the end. 


The book is intended for students at aviation academies, those studying 


at flight schools and pilots in the air force. It may also be valuable to 


f l i g h t  surgeons, the engineering-technical crews of the air force and 


other fields of aviation, students at medical institutes, design organizations, 


dealing with aviation technology, and everyone who is interested in aviation 


and aviation medicine. 


* 
Numbers in the margin indicate pagination in the original foreign text. 
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This  book i s  dedicated t o  t h e  people who 
work i n  a h e r o i c  profess ion  - Soviet  1
p i l o t s .  ............ Author 

FOMWORD 

Aviat ion medicine i s  a s p e c i a l  branch of genera l  medicine, f i rmly  l inked /3 
t o  t h e  development of av ia t ion .  The scope of the s c i e n t i f i c  and p r a c t i c a l  

problems solved by t h i s  branch of medicine i s  cons tan t ly  expanding. 

Thanks t o  t h e  t ireless e f f o r t s  of t h e  Communist P a r t y  and our government, 

t h e  Sovie t  Union has  t h e  most advanced a v i a t i o n  technology i n  t h e  world. Our 

m i l i t a r y  a v i a t i o n  c o n s i s t s  of j e t  a i r c r a f t ,  supersonic  planes,  rocket-carrying 

and all-weather planes.  

Modern f i g h t e r  planes have f l i g h t  speeds f a r  i n  excess of the  speed of 

sound, and t h e i r  maximum f l i g h t  a l t i t u d e s  exceed 30 km. I t  w a s  i n  our 

country t h a t  t h e  f i r s t  supersonic  passenger a i r c r a f t ,  t h e  TU-144, r o s e  i n t o  

t h e  a i r  i n  December, 1968. Its c r u i s i n g  f l i g h t  speed i s  2500 km/hr. Modern 

t ranspor t  j e t  planes have c r u i s i n g  speeds of 900 t o  1000 km/hr. 

A i r c r a f t  capable of v e r t i c a l  takeoff and landing have been designed and 

b u i l t  i n  many count r ies ,  as w e l l  a s  a i r c r a f t  wi th  wing geometries which can 

b e  a l t e r e d  i n  f l i g h t .  Sovie t  planes of t h i s  type w e r e  displayed a t  t h e  

c e l e b r a t i o n  of A i r  Force Day a t  Domodedovo Airport  near  Moscow ( i n  1967). 

Further  improvement i n  a i r c r a f t  w i l l  involve increas ing  t h e  a l t i t u d e ,  

speed, range and dura t ion  of f l i g h t .  The development of a v i a t i o n  technology 

a l s o  complicates t h e  working condi t ions of those persons who a r e  involved i n  

f l y i n g  them. F l i g h t s  aboard modern a i r c r a f t ,  e s p e c i a l l y  under d i f f i c u l t  

meteorological condi t ions and e s p e c i a l l y  under combat condi t ions ,  p lace  

considerable  stress on t h e  mental .andphysica1 powers of t h e  p i l o t .  Therefore,  
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t h e  f l i g h t  crew must be i n  good h e a l t h ,  possess cons iderable  working 

a b i l i t y  and endurance, rap id  percept ion and reac t ion ,  emotional s t a b i l i t y  

and s t r e n g t h  of w i l l .  S p e c i a l  demands on t h e  phys ica l  and neuropsychological 

s ta te  of t h e  f l i g h t  c r e w  are determined by t h e  s p e c i f i c  o p e r a t i o n a l  condi t ions 

under t h e  s t r o n g  inf luence  of  continuous f a c t o r s  of t h e  e x t e r n a l  environment. 

These f a c t o r s  inc lude  t h e  following: a c c e l e r a t i o n ,  changes i n  atmospheric /4 
pressure  and a i r  temperature,  reduced p a r t i a l  p ressure  of oxygen i n  t h e  

i n s p i r e d  a i r ,  no ise  and v i b r a t i o n ,  long per iods  of t i m e  spent  i n  a f ixed 

p o s i t i o n  and h igh-a l t i tude  equipment. All of t h e s e  f a c t o r s  l a r g e l y  determine 

t h e  problems of a v i a t i o n  medicine and t h e  t rend of  i t s  a c t i v i t y ,  involved i n  
preserv ing  t h e  h e a l t h ,  working a b i l i t y  and s a f e t y  of t h e  f l i g h t s  made by t h e  

c r e w .  

Modern a v i a t i o n  medicine d e a l s  w i t h  the fol lowing p r i n c i p a l  problems: 

It provides a s c i e n t i f i c  s o l u t i o n  f o r  t h e  phys io logica l  and hygienic  

problems a f f e c t i n g  f l i g h t  of a i rcraf t  of d i f f e r e n t  types i n  o r d e r  t o  i n s u r e  

t h e  most favorable  working condi t ions  f o r  t h e  f l i g h t  c rews;  

Together with t h e  engineers ,  i t  works o u t  e f f e c t i v e  means of rescue 

i n  t h e  event t h a t  dangerous s i t u a t i o n s  a r i s e  i n  t h e  a i r ;  

It i n s u r e s  t h e  medical s e l e c t i o n  i n  a v i a t i o n  of cont ingents  which 

correspond t o  required h e a l t h  s tandards and works out  methods of s e l e c t i o n ;  

It performs the s tudy  of profess iona l  d i s e a s e s  of i n d i v i d u a l s  on f l i g h t  

c r e w s  and a t t e n d s  t o  t h e i r  prevent ion.  

The p r i n c i p a l  branches of a v i a t i o n  medicine are physiology, hygiene i n  

f l i g h t  opera t ions ,  a v i a t i o n  psychology and medical-pi lot  e x p e r t i s e .  

X 




A strong indication of how various factors involved in flight influence 


the human organism and the necessary recommendations worked out by aviation 


medicine guarantee preserving high combat skill of the pilots and increasing 


the safety of flights. Therefore, the flight crew must be familiar with the 


basic outlines of aviation medicine. 




CHAPTER I 

THE HISTORY O F  AVIATION MEDICINE I N  OUR COUNTRY 

The b i r t h  of a v i a t i o n  medicine took p l a c e  during t h e  cons t ruc t ion  of 

t h e  f i r s t  f l y i n g  machines. I n  t h e  development of aeronaut ics  and a v i a t i o n ,  

t h e  problem of t h e  e f f e c t  of var ious  f l i g h t  f a c t o r s  on t h e  human organism w a s  

s tud ied  continuously (low temperatures,  p ressure  decreases ,  l a c k  of oxygen, 

e t c . ) .  Each new achievement i n  aeronaut ics  and a v i a t i o n  posed new problems 

f o r  medicine, making i t  necessary t o  f i n d  means and methods of e l imina t ing  

o r  r e l i e v i n g  t h e  inf luence  of t h e s e  f a c t o r s  on t h e  phys ica l  s ta te  and h e a l t h  

of the  people. 

-15 

I n  Russia, the s tudy  of t h e  inf luence  of f l i g h t  condi t ions  on t h e  human 

organism w a s  begun by Academician Y a .  D.  Zakharov. I n  accordance w i t h  t h e  

i n s t r u c t i o n s  of t h e  Russian Academy of Sciences,  he made a f l i g h t  i n  a 

bal loon  on 30 June 1804. The f l i g h t  l a s t e d  more than t h r e e  hours,  during 

which t i m e  t h e  ba l loon  rose  t o  an a l t i t u d e  of a l i t t l e  more than 2000 m. 

During the  f l i g h t ,  Zakharov made observat ions of t h e  weather a s  w e l l  a s  

changes i n  hear ing,  v i s i o n ,  and r e s p i r a t i o n .  

The f i r s t  Russian doctor  t o  make f l i g h t s  i n  a ba l loon  was s t a f f  doctor 

Kashinskoy of t h e  Lefor t  Hospital' '). H e  b u i l t  t h e  ba l loon  himself ,  and 

ascended i n  i t  from t h e  Neskuchnvy Gardens i n  Moscow on 24 September and 

1October 1805. 

. .  . . .  

(l)Moskovskiye Vedomosti, 1805, pp . 2011, 2019, 2049 , 2083. 
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Dr. Kashinskoy undoubtedly was aware of the cognitive value of the obser


vations made by Ya. D. Zakharov during his flight and performed them himself. 


The data which he obtained were studied and evaluated by the medical community. 


It is claimed that the experience of Kashinskoy's flights later served as a 


basis for the participation of physicians in solving the problem of checking 


out pilots for flight. 


The talented physicist, M. A. Rykachev, who began to make balloon flights 
beginning in 1868, along with meteorological observations, conducted tests of 
visibility and audibility in flight and also observed his own sensations. 
Rykachev was the first to enumerate the qual ties which must be possessed by a 
flier: "Controlling the balloon calls for the same qualities required of a 


sailor: rapidity of comprehension, self-control, retention of presence of mind, 


circumspection, attentiveness, nimbleness." 


Many of the experiments performed and statements made by D. I. Mendeleyev 


are of considerable importance for aviation medicine in our country. Thus, in 


1875, he was the first in the world to point out the necessity for having a 


hermetically sealed cabin when making flights into the higher layers of the 


atmosphere and worked out a system for a balloon with such a cabin. 
 He also 


suggested compressing gas into steel cylinders, in which it could be stored and 


carried around. 
 This method is used even today in the provision of oxygen 


supplies for flights. Mendeleyev also wrote about the need for a comfortable 
motorized apparatus available to all. There is a basis for believing that it 
was under the influence o f  his ideas concerning "comfort" that the Russian air

plane "Il'ya Muromets" (1914) became the first in the history of aviation to 
have elementary hygenic comfort such as was not available on any foreign air
craft at the time. On 7 August 1887, Mendeleyev made a free flight in a 

balloon. 

Other Russian scientists also made flights in balloons. Each such flight 


enriched science with new discoveries. It was not only the direct study of 


man under flight conditions which was important for the development of aviation 
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medicine, bu t  a l s o  t h e  tests which w e r e  conducted i n  the r e l a t e d  branches of 

medicine long before  t h e  cons t ruc t ion  of the a i r p l a n e  and even the balloon. 

I n  t h e  second h a l f  of t h e  l as t  century,  when t h e  idea  of the conquest of 

t h e  a i r  became most popular,  Russian doc tors  c a r r i e d  out  a number of t h e o r e t i 

cal  s t u d i e s  which had an important in f luence  on t h e  development of a v i a t i o n  

madicine. Thus, f o r  example, Doctor A. Katol insk iy  performed s e v e r a l  physiolo

g i c a l  and c l i n i c a l  experiments i n  1862 involving t h e  s tudy of t h e  e f f e c t  of 

r a r e f i e d  and "compressed" a i r  on t h e  human organism and provided l i t e r a t u r e  on 

t h i s  problem which w a s  ex tens ive  f o r  t h e  t i m e .  The o u t l i n e s  of a "pneumotic 

chamber", the prototype of t h e  barochamber which w a s  included i n  h i s  work, is 

of considerable  i n t e r e s t .  I n  addi t ion ,  f u r t h e r  s t u d i e s  i n  t h i s  d i r e c t i o n  w e r e  

conducted by t h e  Russian doctors ,  Smirnov (1866), P. Kochanovskiy (1875) and 

L. N. Simonov (1876). 

I n  1873, t h e  famous Russian t r a v e l l e r  N .  M. Przheval ' skiy expressed t h e  

opinion t h a t  t h e  cause of a l t i t u d e  s ickness  which develops during high mountain 

climbing i s  oxygen s t a r v a t i o n .  

I n  1875, D r .  N .  Stroganov, s tudying animals which had been placed i n  a 

closed space,  worked on t h e  problem of r e s p i r a t i o n  and c i r c u l a t i o n  with 

progress ive ly  decreasing oxygen pressure .  

The experiments of M. Zhirmunskiy a r e  of p a r t i c u l a r  i n t e r e s t ;  t h e i r  r e s u l t s  

w e r e  published by him i n i t i a l l y  i n  an  a r t i c l e  (1877) and then i n  h i s  d i s s e r 

t a t i o n  "The Inf luence  of Raref ied A i r  on t h e  Human Organism". 

However, t h e  t h e o r e t i c a l  foundation of a v i a t i o n  medicine l i es  not  only i n  

these  works, bu t  a l s o  l a r g e l y  on t h e  c l a s s i c a l  works of I. P. Pavlov on t h e  

physiology of c i r c u l a t i o n  (1874) and I. M. Sechenov on blood gases  (1857). 

I n  1859, Sechenov w a s  t h e  f i r s t  t o  determine t h e  composition and t h e  

content  of gases  i n  t h e  blood and i n  t h e  a l v e o l a r  a i r  as a func t ion  of t h e  
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amount of oxygen in the inspired air. In addition, he drew a number of conclu


sions regarding the activity of various portions of the central nervous system 


under conditions of oxygen starvation. By using simple calculations, he was the 


first to show that the leading factor in difficulties which arise in the organism 


during ascent into rarefied atmospheres is the decrease in the partial pressure 


of oxygen in the alveolar air. Somewhat later, in 1880, he showed that respira


tion becomes impossible if the partial pressure of oxygen in the alveolar air 


drops below 14 mm of mercury. 


The French physiologist, Paul Behr, determined experimentally that the 
I 8-

principal cause of mountain and altitude sickness is the decrease in the partial 


pressure of oxygen in the surrounding atmosphere, and that the additional inspir


ation of oxygen under conditions of a rarefied atmosphere will completely do 


away with its unfavorable influence. But he failed to study the composition of 


alveolar air in the lungs at all. 


Physiologist V. V. Pashutin continued the work of I. M. Sechenov on a 

problem that is of great importance to aviation medicine - the respiratory 
function of the blood. In 1881, he was the first in Russia to carry out a 
number of experiments involving the study of the influence of centrifugal 
forces on blood circulation. Similar studies were conducted by N. 0 .  Tsybul'skiy 

(1879 - 1885), working in the laboratory of I. R. Tarkhanov. 

The founder of cosmonautics, K. E. Tsiolkovskiy, performed experiments in 
1879 - 1878 which were intended to solve a number of problems related to the 
influence of acceleration on living organisms. 

The work performed by the outstanding scientist V. I. Voyachek is funda
mental to the study of the influence of accelerations on the vestibular 
apparatus in man. He developed a method of studying the vestibular apparatus 

(1909 - 1910). 

Hence, the first experiments involving the study of the influence of 
accelerations on the animal and human organism in Russian medicine were 

performed long before the birth of aviation. 
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The' work of P. M. A l ' b i t s k i y  is  e s p e c i a l l y  important f o r  a v i a t i o n  medicine; 

i n  1880 he w a s  t h e  f i r s t  t o  work on a s tudy of t h e  inf luence  of prolonged 

oxygen i n s u f f i c i e n c y  (up t o  several days) on the organism. 

Doctor V. I. Grebenshchikov c o r r e l a t e d  the experience o f  medical f l i g h t  

s a f e t y  i n  a bal loon,  which had been accumulated by the end of t h e  l a s t  century,  

and presented h i s  f ind ings  a t  a s e s s i o n  of the a e r o n a u t i c a l  branch of t h e  

Russian Technical Society (1891). 

The f i r s t  medical worker t o  car ry  o u t  f l i g h t s  i n  a j o i n t  a e r o n a u t i c a l  

o rganiza t ion  w a s  t h e  medical a s s i s t a n t  Ivan P e r f i l ' y e v  (1886). 

I n  August 1887, t h e  Main M i l i t a r y  Engineering Adminis t ra t ion,  which super

v ised  t h e  Aeronaut ical  Command (founded i n  1885, and loca ted  a t  Volkov F i e l d  i n  

S t .  Petersburg)  approached t h e  Main M i l i t a r y  Medical Command wl th  a reques t  t o  

name a f l i g h t  doctor  t o  p r o t e c t  f l i g h t s .  Beginning on 17 September 1887, these  /9 
r e s p o n s i b i l i t i e s  f e l l  t o  t h e  former doctor of t h e  Jaeger Regiment, Karpyshev, 

who may t h e r e f o r e  be considered t h e  f i r s t  Russian a v i a t i o n  doc tor .  

I n  1897, a t  the Instruct ion-Aeronaut ical  Park, m i l i t a r y  doc tors ,  S.  P. Munt 

w a s  t h e  f i r s t  i n  the  world t o  begin phys io logica l  and psychological  tests of 

aeronauts  i n  f l i g h t  us ing  a s p e c i a l l y  equipped bal loon.  These experiments w e r e  

very important f o r  the  development of a v i a t i o n  medicine. 

An important r o l e  i n  t h e  s o l u t i o n  of problems of a v i a t i o n  medicine was 

a l s o  played by c l i n i c a l  s t u d i e s  on t h e  inf luence  of h igh-a l t i tude  condi t ions  on 

t h e  human organism. 

The most i n t e r e s t i n g  experiments i n  t h i s  a r e a  a r e  t h e  r e s u l t s  of t h e  pro

longed observat ions made by t h e  young physician of t h e  Second Turkestan 

B a t t a l i o n ,  N .  N. Tret 'yakov,  (from 1892 t o  1894), on t h e  condi t ions of a group 

of s u b j e c t s  (110 persons) l i v i n g  a t  a he ight  of 3500 m. 
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I n  addi t ion ,  important information f o r  a v i a t i o n  medicine regard ing  t h e  

inf luence  on t h e  human organism of r a r e f i e d  a i r  w a s  obtained i n  Sovie t  t i m e s  

(1930's) i n  a number of complex Elbrus and Pamir expedi t ions  organized by t h e  

Academy of Sciences of the USSR, t h e  S. M. Kirov Military-Medical Academy, t h e  

All-Union I n s t i t u t e  of Experimental Medicine and the I n s t i t u t e  of N u t r i t i o n  as 

w e l l  as o ther  i n s t i t u t e s .  The r e s u l t s  of t h e s e  experiments, published i n  t h e  

work of G. Y e .  Vladimirov, G. G. Gazenko, A. P. Zhukov, A. N. Krestovnikov, 

N. N. S i r o t i n i n  and o ther  Soviet  s c i e n t i s t s ,  supplement t h e  d a t a  obtained 

under condi t ions of labora tory  ( i n  barochambers) and n a t u r a l  ( i n - f l i g h t )  

experiments. 

The o f f i c i a l  d a t e  of t h e  start  of Russian a v i a t i o n  medicine may b e  consi

dered t o  b e  14 J u l y  1909, when t h e  counci l  of t h e  All-Russian Aeroclub decided 

on a compulsory medical examination of a l l  p i l o t s .  

I n  1911,  t h e  f i r s t  exper t  order  f o r  t h e  m i l i t a r y  department, No. 481, w a s  

issued;  i t  e s t a b l i s h e d  t h e  annual re-examination of t h e  s ta te  of h e a l t h  of 

p i l o t s  on s p e c i a l  commissions and l i s t e d  t h e  d i s e a s e s  and phys ica l  d e f i c i e n c i e s  

which would preclude service as a p i l o t .  

It w a s  approximately a t  t h i s  t i m e  (1910) t h a t  very  t imely experiments i n  /10 
t h e  f i e l d  of a v i a t i o n  medicine w e r e  performed. These inc lude  t h e  work of 

V.  	 N. Okunev on t h e  inf luence  of f l i g h t  on t h e  organ of hear ing and those of 

S .  Gruzon on t h e  phys io logica l  r e a c t i o n s  t o  h e i g h t ,  etc.  

Russian a v i a t i o n  medicine entered World War I w i t h  considerable  experience 

i n  t h e  medical s a f e t y  of f l i g h t s a n d  t h e  development of medical and f l i g h t  

exper t i se .  However, creative medical thought was severe ly  re ta rded  a t  t h e  be

ginning of t h e  w a r  as f a r  as i t s  development w a s  concerned, p r i m a r i l y  due t o  

a l a c k  of s p e c i a l i s t s  - a v i a t i o n  physicians.  From 1914 t o  1918, only t h r e e  

works were published which d e a l t  wi th  p i l o t  a c t i v i t y  (E.  I. Dombrovskiy and 

N.  Kostyamin, 1915, A. N. Sokolov, 1917). 
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A f t e r  World War I, s p e c i a l  i n s t i t u t e s  and l a b o r a t o r i e s  of a v i a t i o n  medicine 

w e r e  founded i n  many count r ies ,  and the leading p h y s i o l o g i s t s ,  hygien is t s ,  and 

psychologis ts  worked i n  them. 

I n  our country,  a v i a t i o n  medicine began t o  develop r a p i d l y  only during 

t h e  years  of Sovie t  power. A s  e a r l y  as t h e  end of  1917, a s p e c i a l  commission 

t o  s tudy  t h e  work of p i l o t s  w a s  founded i n  S t .  Petersburg a t  t h e  M i l i t a r y -

Medical Soc ie ty  of t h e  Military-Medical Academy (Chairman - p s y c h i a t r i s t  and 

Professor  V. P. Osipov). A prominent r o l e  i n  t h e  development of a v i a t i o n  

medicine w a s  played by S. Y e .  Mints (1889 - 1925). Working from 1919 t o  1924 

as t h e  head doc tor  of the Moscow Aviat ion School, he s t u d i e d  t h e  condi t ions  

of f l i g h t  dura t ion  and c a r r i e d  on a c t i v e  s c i e n t i f i c  research work. I n  June of 

1921, a t  t h e  Fourth All-Russian Congress of A i r  Travel, S.  Y e .  Mints,  g iv ing  a 

paper on t h e  preserva t ion  of the working a b i l i t y  and h e a l t h  of the p i l o t s ,  

proposed the establ ishment  of psychotechnical l a b o r a t o r i e s  i n  f l i g h t  schools .  

The problems they d e a l t  w i t h  included t h e  s tudy of working condi t ions  and the 

i n d i v i d u a l  q u a l i t i e s  of p i l o t s .  

I n  accordance w i t h  the proposal  of S .  Y e .  Mints, the o r d e r s  of t h e  

Revolutionary M i l i t a r y  Sovie t  Numbers 837 and 874 i n  1924 e s t a b l i s h e d  t h e  

C e n t r a l  Psychophysiological Laboratory f o r  t h e  Study of Mili tary-Air Serv ice  -I11 
(on t h e  b a s i s  of t h e  school  labora tory  of Mints, which w a s  a l ready  a t  work). 

I ts  head was N. M. Dobrotvorskiy, while  h i s  a s s i s t a n t  and t h e  head of t h e  

medical-pilot  commission w a s  S .  Y e .  Mints. 

It w a s  i n  t h i s  labora tory  t h a t  t h e  outs tanding Sovie t  a v i a t i o n  physicians 

V. V.  Andreyev, A .  V .  Lebedinskiy, A.  P. Apollonov, Yu. A. Vasil’yev, P. I. 

Yegorov, N .  A. Vishnevskiy, G. G. Kulikovskiy, V.  G. Mirolyubov, I. K. 

Sobennikov, V.  V. S t r e l ’ t s o v  and o t h e r s  began t h e i r  a c t i v i t y .  

T h e  c o l l e c t i v e  of workers a t  the labora tory  ceased t o  apply t h e  psycho-

t e c h n i c a l  methods introduced by s. Y e .  Mints f o r  s e l e c t i o n  of candidates  f o r  

f l i g h t  schools  and was occupied with t h e  s tudy of t h e  func t ions  of 
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analyzers  (sense organs) w h i c h  p lay  a n  important r o l e  i n  the p i l o t ' s  profession.  

A t  t h e  same t i m e ,  the labora tory  s tudied  the changes i n  t h e  cardiovascular  and 

r e s p i r a t o r y  systems i n  p i l o t s  and phenomena of f a t i g u e ,  developed proposals 

f o r  modernizing f l i g h t  s u i t s  and t h e  p i l o t ' s  working area i n  the a i r c r a f t ,  and 

a l s o  s tudied  the importance of t h e  personal  f a c t o r  i n  a v i a t i o n  acc idents .  An 

important in f luence  on t h e  development of Sovie t  a v i a t i o n  medicine w a s  exer ted 

by N. M. Dobrotvorskiy. H i s  book e n t i t l e d  "Letnyy Trud" ( F l i g h t  Labor),  

published i n  1930, w a s  the f i r s t  Sovie t  handbook on a v i a t i o n  medicine. It is  

of i n t e r e s t  to some degree even today. For several y e a r s ,  Dobrotvorskiy 

l e c t u r e d  on a v i a t i o n  medicine a t  t h e  N .  Y e .  Zhukovskiy Military-Medical Academy. 

It i s  important t o  note  t h a t  i n  those days not  a s i n g l e  one of the  m i l i t a r y  

a v i a t i o n  teaching i n s t i t u t i o n s  i n  Europe o r  A m e r i c a  w a s  giving courses  on 

a v i a t i o n  medicine. 

I n  1930, the Cent ra l  Psychophysiological Laboratory was reorganized i n t o  

t h e  a v i a t i o n  s e c t o r  of the S c i e n t i f i c  Research S a n i t a r y  I n s t i t u t e  of t h e  

Workers' and Peasants '  Red Army. The head of the s e c t o r  w a s  t h e  young ener

g e t i c  s c i e n t i s t ,  V. V.  S t r e l ' t s o v  (1931), who had done a g r e a t  d e a l  i n  t h e  

f i e l d  of a v i a t i o n  medicine. Using as a b a s i s  t h e  teachings of Academician 

I. 	P. Pavlov regarding h igher  nervous a c t i v i t y  and t h e  evolutionary-physiolo

g i c a l  concept of Academician L. A. Orbe l i ,  he  took a new approach t o  t h e  

s o l u t i o n  of t h e  most important problems i n  a v i a t i o n  medicine, e s p e c i a l l y  t h e  

problem of h igh  a l t i t u d e  t r a i n i n g .  

I n  1930, ex tens ive  experimental  work began t o  be performed i n  our country 

i n  t h e  barochamber on t h e  s tudy of t h e  inf luence  of a l t i t u d e  on the  human 

organism, the development of methods of barochamber t r a i n i n g  and t e s t i n g  of 

t h e  f i r s t  oxygen apparatus .  I n  1932, V.  V.  S t r e l ' t s o v  w a s  t h e  f i r s t  i n  t h e  

USSR t o  make a n  "ascent" i n  a barochamber t o  a h e i g h t  of 13,000 m. On h i s  

i n i t i a t i v e ,  massive cons t ruc t ion  of barochambers f o r  h igh  a l t i t u d e  t r a i n i n g  of 

f l i g h t  crews w a s  organized. Physiological  approbat ion and improvement of 

oxygen devices  i n  t h e  per iod from 1931 t o  1954 w a s  accomplished by a lead ing  

s p e c i a l i s t  i n  t h i s  f i e l d ,  A. P. Apollonov. 
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I n  conjunct ion with the rapid development of a v i a t i o n  i n  1935, on t h e  

base of t h e  a v i a t i o n  s e c t o r  of t h e  S c i e n t i f i c  Research Sani ta ry  I n s t i t u t e ,  

t h e  S c i e n t i f i c  Research S a n i t a r y  I n s t i t u t e  of the People 's  Commissariat of 

Defense was founded, which had s h o r t l y  t h e r e a f t e r  received t h e  name of 

Academician I. P. Pavlov. This i n s t i t u t e  d e a l t  w i t h  s tudying numerous problems 

of a v i a t i o n  physiology and hygiene. Outstanding s p e c i a l i s t s  i n  t h e  f i e l d  of 

a v i a t i o n  medicine p a r t i c i p a t e d  i n  t h e  work of the i n s t i t u t e :  D .  Y e .  Rozenblyum, 

V. V. S t r e l ' t s o v ,  A.  P. Popov, V. A.  Spasskiy, V.  G. Mirolyubov, P. K. Isakov, 

0. 	G. Gazenko, A.  M. Genin, D. I. Ivanov, I .  Y a .  Borshchevskiy, V .  V .  Levashov 

and o thers .  

The departments of t h e  S .  M. Kirov M i l i t a r y  Medical Academy a l s o  d e a l t  

with problems of a v i a t i o n  medicine i n  t h e  pre-war years ;  they w e r e  l ed  by 

L. A. Orbel i ,  V.  I .  Voyachek, K. L. Khilov, M. P .  Brestkin,  G .  Y e .  Vladimirov, 

M. I .  Arinkin,  I. R. Pe t rov ,  P. I. Yegorov. 

Thanks t o  t h e  d e t a i l e d  s t u d i e s  c a r r i e d  out  by Sovie t  phys io logis t s ,  

h y g i e n i s t s ,  psychologis ts  and p r a c t i c a l  a v i a t i o n  doc tors ,  our a v i a t i o n  medicine 

had acquired considerable  s c i e n t i f i c  d a t a  p r i o r  t o  t h e  outbreak of World War I1 

and organized medical f l i g h t  s a f e t y  on this b a s i s ,  keeping i t  a t  a high 

s c i e n t i f i c  l e v e l .  

During World War 11, appropr ia te  s c i e n t i f i c  r e s e a r c h  s e c t i o n s  d e a l t  w i t h  

a w i d e  range of problems of a v i a t i o n  medicine which had mainly t h e o r e t i c a l  and 

e s p e c i a l l y  p r a c t i c a l  s i g n i f i c a n c e .  

During the postwar per iod,  the scope of s c i e n t i f i c  s t u d i e s  i n  the f i e l d  /13 
of a v i a t i o n  medicine has  undergone considerable  expansion. 

Aviat ion medicine, based on the achievements of Soviet  m a t e r i a l i s t  

physiology and biology,  i s  successfu l ly  so lv ing  problems which are posed by 

a v i a t i o n  sc ience  and p r a c t i c e .  
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CHAPTER I1 


A BRIEF DESCRIPTION OF THE ATMOSPHERE 

S t r u c t u r e  of t h e  Atmosphere 

The globe i s  surrounded by an  envelope of a i r  c a l l e d  t h e  atmosphere. 114 
Studies  conducted w i t h  radiosondes,  rocke ts ,  and a r t i f i c i a l  Ear th  satel l i tes  

have provided ex tens ive  information regarding the changes i n  t h e  composition 

of t h e  atmosphere wi th  a l t i t u d e ,  its d e n s i t y ,  temperature,  electrical  s ta te  

and s o  on. A t  t h e  present  t i m e ,  t h e  atmosphere is c o n d i t i o n a l l y  divided on 

t h e  b a s i s  of t h e  change i n  temperature wi th  a l t i t u d e  i n t o  f i v e  p r i n c i p a l  l a y e r s  

(Figure 1): the  troposphere,  s t r a t o s p h e r e ,  mesosphere, thermosphere and 

exosphere. 

The troposphere i s  t h e  lowest and denses t  l a y e r  of t h e  Ear th ' s  atmosphere. 

Its thickness  i s  not  t h e  s a m e  over a l l  p a r t s  of the globe: It i s  1 0  t o  12 115 

ki lometers  a t  middle l a t i t u d e s ,  7 t o  10 km above t h e  poles ,  and 1 6  - 18 km 

above t h e  Equator. 

The p r i n c i p a l  m a s s  of the a i r  and p r a c t i c a l l y  a l l  of t h e  w a t e r  vapor is 

concentrated i n  the troposphere.  A c h a r a c t e r i s t i c  f e a t u r e  of the troposphere 

i s  t h e  decrease of temperature and atmospheric moisture  wi th  a l t i t u d e ,  as w e l l  

as t h e  presence of r i s i n g  and descending c u r r e n t s  and the condensation of 

water vapor. I n  this l a y e r  of atmosphere, clouds and fogs a r e  formed, prec ip i 

t a t i o n  f a l l s  ( r a i n ,  snow), thunderstorms develop, the humidity is cons tan t ly  

changing, as w e l l  as t h e  pressure  and temperature, i . e . ,  a l l  of t h e  phenomena 

which govern t h e  weather. 
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s o q  Exosphere I 

Figure 1. Diagram of v e r t i c a l  
s t r u c t u r e  of atmosphere. 

The c o n d i t i o n a l  boundary between 

the troposphere and the s t r a t o s p h e r e  

i s  assumed t o  b e  the a l t i t u d e  above 

sea level  a t  which a f u r t h e r  decrease 

i n  temperature ceases. There is an  

in te rmedia te  l a y e r  between them c a l l e d  

t h e  tropopause, from 1 t o  3 km i n  

thickness.  I n  t h i s  l a y e r ,  t h e  tempera

t u r e  of t h e  air  may i n c r e a s e  o r  remain 

constant .  The he ight  of t h e  tropopause 

i s  not  constant .  It varies depending 

on t h e  t i m e  of year;  i t  is  h igher  i n  

summer than i n  win ter .  The d i u r n a l  

v a r i a t i o n s  i n  t h e  he ight  of  t h e  tropo

pause a r e  a l s o  s i g n i f i c a n t .  I n  addi t ion ,  

t h e  h e i g h t  of the  tropopause i s  

dependent on t h e  n a t u r e  of  t h e  develop

i n g  atmospheric processes:  above t h e  

areas w i t h  low a i r  pressure  (cyclones) 

t h e  tropopause i s  lower, while  above 

areas  wi th  high pressure  (ant icyclones)  

i t  is  higher .  

T h e  s t r a t o s p h e r e  i s  the l a y e r  of the atmosphere which l i e s  above t h e  

troposphere and extends up t o  a n  a l t i t u d e  of 50 t o  60 km. The s t r a t o s p h e r e  i s  

charac te r ized  by a considerable  r a r e f a c t i o n  of the air ,  n e g l i g i b l e  moisture ,  

almost complete absence of clouds,  a high level of u l t r a v i o l e t  r a d i a t i o n ,  

absence of d u s t  of terrestrial  o r i g i n ,  constant  d i r e c t i o n  of main a i r  c u r r e n t s ,  

and an a t t e n u a t i o n  of atmospheric turbulence.  Sometimes nacreous clouds are 

observed here .  

The temperature changes s l i g h t l y  i n  t h e  s t r a t o s p h e r e  up t o  a l t i t u d e s  of 

25 t o  30 km, b u t  then i n c r e a s e s  gradual ly .  T h e  p r i n c i p a l  reason f o r  the tempera

t u r e  i n c r e a s e  is  t h e  f a c t  t h a t  ozone has  its maximum concent ra t ion  i n  the upper 
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p a r t  of the s t r a t o s p h e r e .  I n  middle l a t i t u d e s ,  the temperature a t  the upper 

l i m i t  of t h e  s t r a t o s p h e r e  is  equal  t o  -11 t o  -12"C, on t h e  average. 

The mesosphere is  the atmospheric l a y e r  which i s  loca ted  a t  a l t i t u d e s  

from 50 t o  60 t o  80 t o  90 km. I n  this l a y e r ,  the temperature decreases  w i t h  

i n c r e a s i n g  a l t i t u d e  from va lues  c l o s e  t o  0" C t o  -80 t o  -90" C .  T h i s  i s  where 

argentous clouds are observed. 

The mesosphere i s  separated from t h e  s t r a t o s p h e r e  by an in te rmedia te  l a y e r  

c a l l e d  t h e  s t ra topause .  

The thermosphere i s  the atmospheric l a y e r  which extends from an  a l t i t u d e  /16 
of 80 t o  90 km t o  approximately 800 km. I n  this l a y e r ,  temperature increases  

r a p i d l y  w i t h  increas ing  a l t i t u d e .  Observations i n d i c a t e  that a t  300 t o  400 km 

i t  can reach 1,000" C and more(2). Auroras a r e  f requent ly  observed i n  t h i s  

l a y e r .  

The boundary between t h e  mesosphere and t h e  thermosphere i s  c a l l e d  the 

mesopause. 

Above t h e  thermosphere i s  t h e  exosphere, o r  the sphere of s c a t t e r i n g .  I n  

t h i s  l a y e r ,  the  gases a r e  so r a r i f i e d  t h a t  t h e i r  p a r t i c l e s  a r e  loca ted  a t  g r e a t  

d i s t a n c e s  from one another .  The r a t e s  of movement of gas molecules i n  the  

s c a t t e r i n g  sphere are so  g r e a t  t h a t  t h e  molecules sometimes overcome t h e  Ear th ' s  

g r a v i t a t i o n  and f l y  out  i n t o  i n t e r p l a n e t a r y  space.  Thus, t h e r e  i s , a  leakage 

of  gases i n t o  o u t e r  space which takes  place very slowly but  continuously.  It 

is  t h e  p a r t i c l e s  of t h e  l i g h t  gases which are s c a t t e r e d  most i n  t h i s  fash ion  

-hydrogen, helium, neon. The exosphere does n o t  have a d e f i n i t e  upper l i m i t ,  

s i n c e  i t  gradual ly  merges w i t h  i n t e r p l a n e t a r y  space.  On t h e  b a s i s  of s c i e n t i f i c  

d a t a  obtained i n  r e c e n t  years ,  w e  can say  roughly t h a t  i t  extends t o  an 

a l t i t u d e  of about 3,000 km. 
. ~~ . . . . . . . . .  - - .  . .  -.. . . .  ~-

(2)Due t o  t h e  high r a r e f a c t i o n  of t h e  a i r ,  t h e  temperature of t h e  medium here  
i s  purely condi t iona l  and c h a r a c t e r i z e s  only t h e  v e l o c i t y  of i n d i v i d u a l  
molecules. 
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T h e ' e n t i r e  mass of atmospheric air is d i s t r i b u t e d  as follows: approxi

mately 80% is i n  the troposphere,  about 20% i n  the s t r a t o s p h e r e ,  no more than 

0.3% i n  t h e  mesosphere, and less than 0.05% i n  t h e  thermosphere and exosphere. 

On t h e  b a s i s  of e lectr ical  p r o p e r t i e s ,  i .e.,  t h e  d i s t r i b u t i o n  of electri

cally charged p a r t i c l e s  through t h e  atmosphere ( ions) ,  w e  can d i v i d e  t h e  

atmosphere i n t o  the neutrosphere and t h e  ionosphere (Figure 1). I o n i z a t i o n  

takes  p lace  as t h e  r e s u l t  of t h e  a c t i o n  of s o l a r  and cosmic r a d i a t i o n  on 

molecules and atoms of gases which make up t h e  air .  When t h e  d e n s i t y  of t h e  

a i r  is s t i l l  r a t h e r  high,  the c o l l i s i o n  of gas p a r t i c l e s  car ry ing  p o s i t i v e  and 

negat ive  charges forms uncharged o r  n e u t r a l  molecules and atoms. This pro- /17 
cess t a k e s  p lace  a t  a l t i t u d e s  up t o  80 t o  100 km. The l a y e r  of t h e  atmosphere 

fn which t h e  n e u t r a l  p a r t i c l e s  are formed is  c a l l e d  the neutrosphere.  

A t  a l t i t u d e s  above 100 km, where the a i r  is  h ighly  r a r e f i e d ,  c o l l i s i o n s  

of gas p a r t i c l e s  take  p lace  much more r a r e l y ,  and many par t ic les  r e t a i n  t h e i r  

charges. This area of t h e  atmosphere i s  c a l l e d  t.he ionosphere. The p r i n c i p a l  

f e a t u r e  of the ionosphere i s  t h e  increased contac t  of i o n s  and f r e e  e l e c t r o n s  

i n  t h e  medium as w e l l  as t h e  h igh  e l e c t r i c a l  conduct iv i ty  of t h e  a i r  i n  t h i s  

l a y e r .  The  p r i n c i p a l  i o n i z a t i o n  maximum i s  loca ted  a t  an a l t i t u d e  of approxi

mately 300 km. 

Composition of Atmospheric Air 

Atmospheric a i r  is  a phys ica l  mixture of d i f f e r e n t  gases. It conta ins  

t h e  following: n i t r o g e n  (78.08% of t h e  t o t a l  volume), oxygen (20.95%), argon 

(0.93%), carbon d ioxide  (0.03%) hydrogen (0.005%), neon (0.0018%), helium 

(0.00015%), as w e l l  as traces of krypton and xenon. Thanks t o  t h e  cons tan t  

movement of t h e  a i r ,  t.his gas composition i s  r e t a i n e d  up t o  a n  a l t i t u d e  of 

approximately 110 km. 

The l a y e r  of  t h e  atmosphere w i t h  a cons tan t  gas composition is c a l l e d  

t h e  homosphere. Above t h e  homosphere, t h e  gas  molecules break down i n t o  atoms, 
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and there is s t r a t i f i c a t i o n  of the gases under t h e  in f luence  of g rav i ty .  Here 

the  a i r  becomes a mixture of varying composition. T h i s  l a y e r  of t h e  atmosphere 

is ca l l ed  the  heterosphere.  

There i s  a l s o  an  ozonosphere, a l aye r  of the atmosphere which i s  located 

a t  a l t i t u d e s  from 20 t o  70 km and is r i c h  i n  ozone. 

It has been e s t ab l i shed  i n  recent  years  t h a t  a t  a l t i t u d e s  from 100 t o  200 

km the  ionosphere c o n s i s t s  of ions  of oxygen ( 0 2 f ) ,  n i t r o u s  oxide (NO+), and 

atomic oxygen (W).  Beginning a t  a l t i t u d e s  of 140 t o  160 km, predomination of 

atomic oxygen ions  begins ,  whi le  above a l t i t u d e s  of 200 t o  250 t o  1,000 km t h e  

ionosphere c o n s i s t s  almost completely of atomic oxygen ( M I .  Beginning a t  a 

he igh t  of 500 km, i n s i g n i f i c a n t  amounts of i ons  of atomic n i t rogen  (N+) are 

found i n  the  ionosphere.  

The air  always conta ins  moisture  i n  the form of w a t e r  vapor (about 1%by /18 
volume). Depending on the c l i m a t i c  zone and the t i m e  of yea r ,  the amount of 

water vapor i n  the a i r  can vary i n  volume from 0.01% t o  4%.  Water which i s  

evaporated from the  su r face  of t he  oceans, seas, r i v e r s ,  l a k e s ,  and the  s o i l  

e n t e r s  t h e  atmosphere. The atmosphere always conta ins  more than 10,000 b i l l i o n  

tons of w a t e r  i n  t h e  form of vapor.  Condensation of water vapor leads  t o  t h e  

formation of clouds and p r e c i p i t a t i o n .  Hence, t h e r e  i s  a constant  c i r c u l a t i o n  

of w a t e r  going on i n  na ture .  

The amount of w a t e r  vapor which determines the degree of humidity of t he  

air  depends pr imar i ly  on the  temperature of t h e  air .  Usually,  t he  higher  t he  

a i r  temperature under s p e c i f i c  condi t ions ,  the  g r e a t e r  t h e  amount of water 

vapor which i t  can hold.  

Such va lues  as abso lu te  and r e l a t i v e  humidity are used t o  cha rac t e r i ze  

the  moisture  of t he  a i r .  

The abso lu te  h imidi ty  of t he  a i r  is t h e  amount of w a t e r  vapor ( i n  grams) 

contained i n  one cubic  m e t e r  of air. A t  a s p e c i f i c  t empera tu re ,  t h e  a i r  
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w i l l c o n t a i n o n l y  a c e r t a i n  amount of w a t e r  vapor. Air w5th a maxim content  

of w a t e r  vapor is c a l l e d  sa tu ra t ed .  Ln &e equatorial zone, abso lu te  bn&�ity 

reaches about  20 g / m3;at middle lati-es 5n summer it.reaches 5 t o  7 g/m3, 
w h i l e  i n  w in te r  d u r k g  severe frosts Zt can be: less than P g/m3 . 

Relative humi&ty of the a5r is the ratio O B  the amount of w a t e r  vapor i n  

the a i r  a t  a g5vi-s "ent t o  the m a x i m  poss ib l e  amount at t h a t  temperature.  

ReEatZve huimdldfty of the & is expressed i n  percent .  

The a"t  oh water vapor i n  the air decreases wi th  a l t i t u d e .  Thus, a t  

a EreiLghlt of 1.5 t o  2 km, it  is only ha l f  Cand a t  5 km - 1/10 t h  ) as much a s  a t  

sea level!, The relative humidity of t h e  zone of cloud formation reaches 100%. 

The p r i n c i p a l  m a s s  of t he  water  vapor i s  concentrated i n  t h e  lowest l a y e r  

of t he  atmosphere, whose th ickness  is LO - 1 2  km. 

Ozone is  formed i n  the  s t r a t o s p h e r e  as a r e s u l t  of d i s a s s o c i a t i o n  of 

axygem molecules under t h e  in f luence  of u l t r a v i o l e t  r a d i a t i o n  from t h e  Sun and 

c " L c  rays. I n  the  lower l a y e r s  o f  t h e  atmosphere, a s m a l l  amount of ozone is  

formed dur ing  l igbtming d ischarges .  Ozone is found i n  the  atmosphere i n  a 

scattered state in.  a l a y e r  which extends approximately up t o  an a l t i t u d e  of /19 
TO km. If a l l  af rhe ozone contained i n  the atmosphere w e r e  concentrated ( a t  

a pressure of 760 mm Eg and a temperature of 0" C)% a l a y e r  measuring no more 

than 3 mm t h i c k  m d d  be  obtained.  

The p r i n c i p a l  q u a n t i t y  of ozone is concentrated a t  he igh t s  from 20 t o  

60 km, a d  fts ma- concent ra t ion  (O.OQUQQ4Z by volume) is  found a t  h e i g h t s  

from 45 to 55 knr. 

The r o l e  of ozone i n  the atmosphere, r ega rd le s s  of its n e g l i g i b l e  quan t i ty ,  

is extremely important.  It absorbs t h e  major i ty  of t h e  u l t r a v i o l e t  rays front 

t h e  Sun which have wavelengths less than 290 mil l imicrons  and have a n  extremely 

pronounced b i o l o g i c a l  e f f e c t ,  as w e l l  as a c e r t a i n  amount of v i s i b l e  and 

i n f r a r e d  rays .  
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The amount of ozone i n  the a i r  changes w i t h  l a t i t u d e  and t i m e  of year .  

The minimum i s  a t  the Equator and the maximum i n  the p o l a r  reg ions .  As far as 

t h e  t i m e  of year  i s  concerned, t h e  maximum ozone content  occurs  i n  spr ing ,  and 

t h e  minimum i n  autumn. 

Man can withstand a n  ozone concentrat ion i n  the a i r  equal  t o  0.0001 mg/z. 

Higher concentrat ions cause i r r i t a t i o n  of the upper r e s p i r a t o r y  tracts and 

lungs.  

Rubber is destroyed and metals are considerably corroded a t  ozone concen

t r a t i o n s  of thousandths and hundredths of a percent .  

Carbon dioxide i s  formed a t  t h e  Ear th ' s  s u r f a c e  as a r e s u l t  o f  t h e  v i t a l  

a c t i v i t y  of animals,  b a c t e r i a ,  and t o  some e x t e n t  p l a n t s ,  as w e l l  as on burning 

and decay. The content  of t h i s  gas i n  t h e  a i r  varies and depends on l o c a l  con

d i t i o n s .  Due t o  t h e  vertical  movement of t h e  a i r ,  t h e  amount of carbon dioxide 

remains the same up t o  a l t i t u d e s  of 20 km as a t  the Earth's sur face .  There i s  

none above that. It i s  be l ieved  t h a t  i t  disappears  due t o  photochemical 

decomposition. 

Carbon d ioxide  p lays  a n  important r o l e  i n  the r e g u l a t i o n  of the thermal 

regime of t h e  lower l a y e r s  of t h e  atmosphere; i t  i n t e n s e l y  absorbs t h e  long-wave 

r a d i a t i o n ,  so t h a t  t h e  air is  heated. 

The atmosphere a l s o  conta ins  a s m a l l  amount of suspended s o l i d  p a r t i c l e s  

i n  t h e  form of d u s t  o f  inorganic  and organic  o r i g i n .  This  d u s t  e n t e r s  t h e  / 20 

atmosphere from t h e  Ear th ' s  surface.  Most of t h e  d u s t  i s  a t  t h e  Ear th ' s  sur face .  

The amount decreases  w i t h  a l t i t u d e .  A t  a l t i t u d e s  of 7 t o  8 km, t h e r e  is almost 

no dus t  of terrestrial o r i g i n  (Table 1). 

I n  the upper l a y e r s  of the atmosphere, w e  f i n d  volcanic  d u s t  as w e l l  as 

cosmic and meteor d u s t ,  which comes i n  from i n t e r p l a n e t a r y  space and forms as 

a r e s u l t  of breakdown of meteors. 
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TABLE 1 

_ _  ~~ .-. - -

Height above 
sea level, m 10 1000 2000 3000 4000 7000 

- - . ~  ._. 
~ P 

Number of dus t  
p a r t i c l e s ,  

1 cm3 of a i r  45 $000 6000 700 200 100 50 20 

-~~ __ 

Weight and Pre.sEure o f  Atmospheric A i r  

T h e  atmospheric a i r ,  l i k e  any substance,  ha? weight. A t  sea l e v e l ,  a t  a 

temperature of 0" C and a pressure  of 760 mm Hg, one cubic meter of d r y  a i r  

weighs 1293 g; a t  an a l t i t u d e  of 12 !a i t  weighs 319 g, while  a t  40 km i t  

weighs a t o t a l  of 4 g (at s tandard temperature).  

The m a s s  of air  l o c a t e d  above the s u r f a c e  of t h e  Earth i s  a t t r a c t e d  toward 

its center ,  producing p r e s s u r e  both on the Earth's s u r f a c e  and on any o b j e c t  

which i s  loca ted  on t h i s  s u r f a c e  and i n  t h e  a i r .  This  pressure  i s  c a l l e d  
2

atmospheric. A t  sea level,  atmospheric pressure  i s  equal  t o  1.033 kgf/cm . 

The weight of  a column of air whose he ight  i s  equal  t o  t h e  he ight  of the 

Ear th ' s  atmosphere and measures 1 cm2 a t  t h e  base a t  0" C and is a t  a l a t i t u d e  

of 45" would be equal  t o  t h e  weight of a column of mercury 760 mm high wi th  

t h e  same base area and under t h e  same condi t ions .  Atmospheric (barometric) 

pressure  is u s u a l l y  expressed i n  m i l l i m e t e r s  of a mercury column. Thus, a t  

sea level atmospheric (barometric) pressure  would b e  equal  t o  760 mm Hg. A t  

var ious  l o c a t i o n s ,  a t  d i f f e r e n t  t i m e s  of year  and i n  d i f f e r e n t  kinds of 

weather, i t  w i l l  change. The extreme v a l u e s  f o r  barometr ic  pressure  t h a t  have 

been recorded thus  f a r  are 680 and 802 mm Hg. 
17 
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The t o t a l  atmospheric p r e s s u r e  is made up of the p a r t i a l  p ressures  of t h e  

gases that make up t h e  air .  /21 


The p a r t i a l  p r e s s u r e  of a gas is  the f r a c t i o n  of t h e  pressure  of a given 

gas i n  t h e  t o t a l  p r e s s u r e  of a gas mixture, i .e.,  the p r e s s u r e  which t h e  gas 

would have i n  t h e  event  t h a t  i t  a lone  f i l l e d  t h e  ent i re  volume occupied by 

t h i s  mixture.  

A s  a l t i t u d e  i n c r e a s e s ,  t h e  t o t a l  barometr ic  p r e s s u r e  drops,  so s i n c e  t h e r e  

is a decrease i n  t h e  h e i g h t  of t h e  column of air  and t h e  d e n s i t y  of t h e  air. 

I f  w e  assume t h a t  t h e  t o t a l  barometric p r e s s u r e  of the a i r  a t  the s u r f a c e  

of t h e  Ear th  t o  b e  u n i t y  (1atmosphere), t h e  change i n  t h i s  pressure  w i t h  

changing a l t i t u d e  w i l l  b e  charac te r ized  by t h e  d a t a  given i n  Table 2. 

TABLE 2 

A l t i t u d e ,  km 0 16 32 48 64 80 96 

Pressure ,  a t m  1 0.1 0.01 0.001 0.0001 0.00001 0.000001 

With a decrease i n  the t o t a l  barometr ic  p r e s s u r e  with increas ing  a l t i t u d e ,  

t h e r e  i s  a corresponding decrease i n  the p a r t i a l  p r e s s u r e  of the gases which 

go t o  make up t h e  air. If we know t h e  t o t a l  barometr ic  p r e s s u r e  a t  a given 

a l t i t u d e ,  and the p e r c e n t i l e  conten t  of gases,  w e  can determine the p a r t i a l  

p ressure  of any gas a t  any a l t i t u d e .  To do t h i s ,  we  u s e  t h e  fol lowing formula: 

CB

=100 


where p - is the p a r t i a l  p r e s s u r e  of the gas; 

C - i s  the p e r c e n t i l e  content  of the gas i n  t h e  a i r ;  

and B - is  t h e  t o t a l  barometr ic  pressure.  
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Of a l l  the gases,  oxygen is  t h e  one t h a t  is most important f o r  t h e  v i t a l  

a c t i v i t y  of man. Its p a r t i a l  p ressure  a t  s e a  level is  159 nun Hg. P e r c e n t i l e  

conten t  of oxygen i n  the atmosphere remains f ixed  with a l t i t u d e ,  b u t  its 

part ia l .  p r e s s u r e  decreases .  The la t ter  has  a c r i t i c a l  in f luence  on t h e  pro

v i s i o n  of t h e  organism w i t h  oxygen during the  r e s p i r a t i o n  process.  

An example of the c a l c u l a t i o n  of t h e  p a r t i a l  p ressure  of oxygen is  a s  

follows : 

f o r  t h e  Earth: 

f o r  an  a l t i t u d e  of  6,000 m: 

pot=---21 . 354 2 74 ”Hg; 
IO0 

f o r  a n  a l t i t u d e  of  10,000 m: 

21 . 198 ~ 42 nun Hg.Po, =--
100 

A i r  Density and Standard Atmosphere 

The a i r  d e n s i t y  i s  t h e  r a t i o  of t h e  mass of a i r  t o  t h e  volume which it 

occupies.  Lower l a y e r s  of t h e  atmosphere are much denser than the  upper ones. 

This  is  explained by t h e  f a c t  t h a t  a i r  l i k e  any gas can b e  compressed under 

t h e  i n f l u e n c e  of pressure .  

The d e n s i t y  of t h e  a i r  i n c r e a s e s  wi th  decreasing temperature and i n c r e a s i n g  

pressure.  This  a l s o  depends on t h e  amount of w a t e r  vapor i n  t h e  a i r :  t h e  

more t h e r e  is, the less t h e  d e n s i t y  of t h e  a i r .  
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T h e  air  d e n s i t y  decreases  w i t h  increas ing  a l t i t u d e .  A t  a n  a l t i t u d e  of 

10 km, it i s  almost 1 / 4  t h a t  a t  sea level. 

With the a i d  of rocke ts  and a r t i f i c i a l  Earth satel l i tes ,  i t  has been 

p o s s i b l e  t o  determine the d e n s i t y  of t h e  atmosphere up t o  v e r y  g r e a t  a l t i t u d e s .  

The d a t a  obtained are very  important f o r  a v i a t i o n  and cosmonautics. For avia

t i o n  c a l c u l a t i o n s ,  i t  i s  necessary t o  have d a t a  on t h e  average change i n  pres

s u r e ,  d e n s i t y ,  and temperature of the a i r  and t h e  speed of sound w i t h  a l t i t u d e .  

The condi t iona l  d i s t r i b u t i o n  of t h e s e  d a t a  w i t h  a l t i t u d e  f o r  d r y  pure a i r  i s  

c a l l e d  t h e  s tandard atmosphere. 

I n  t h e  USSR, t h e  s tandard  atmosphere f o r  1964 is  v a l i d  (All-Union S ta t e  

Standard 4401-64).  A s  t h e  o r i g i n a l  d a t a  f o r  i t s  c a l c u l a t i o n ,  t h e  barometr ic  

air pressure  of 760 mm H g  and t h e  temperature of 15" C a t  sea level w e r e  used. 

The s tandard atmosphere f o r  a l t i t u d e s  from 0 t o  200 km i s  given i n  

Table 3 .  

Solar  Radiat ion 

S o l a r  r a d i a t i o n  is  a continuous flow of r a d i a n t  energy from the Sun. 

Solar  r a d i a t i o n  c o n s i s t s  of var ious  forms of e lectromagnet ic  (wave-type) and 

corpuscular  r a d i a t i o n .  

The electromagnet ic  r a d i a t i o n  from t h e  Sun inc ludes  i n f r a r e d  rays ,  v i s i b l e  

rays  of l i g h t ,  u l t r a v i o l e t ,  X- and gamma rays.  I n f r a r e d  r a y s  have wavelengths 

of 2,300 - 800, v i s i b l e  l i g h t  rays  800 - 400,  u l t r a v i o l e t  r a y s  400-2, and 

x-rays 2 - 0.006 mill imicrons.  I n  1942 ,  s o l a r  r a d i a t i o n  w i t h  a wavelength from 

millimeters t o  s e v e r a l  meters w a s  discovered. 

The sources  of corpuscular  r a d i a t i o n  are the s o l a r  corona ( t h e  e x t e r n a l  

l a y e r  of t h e  s o l a r  atmosphere) and t h e  chromospheric f l a r e s ,  during which 
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0 15.OO 288.15 
500 11,75 284.90 

1000 8.50 281 -65 
1500 5 -25 278.40 
2000 1.99 275.14 
2500 -1.26 271.89 
3000 -4.51 268,64 
3500 -7.77 265.38 
4000 -1  I .02 262.13 
4500 -14.27 258.88 
5000 -17.52 255.63 
5500 -20.77 252.38 
6000 -24.02 249.13 
6500 -27.27 245.88 
7000 -30.52 242.63 
7500 -33.77 239.38 
8000 -37.02 236.1 4 
8500 -40.26 232.89 
9000 -43.5 1 229.64 
9500 -46.75 226.40 

I O  000 -50.00 223.15 
10.500 -53.25 219.90 
I 1  000 -56.49 216.66 
I I  500 -56.49 2 16.66 
12 000 -56.49 216.66 
12 500 -56.49 216.66 
I3 000 -56.49 216.66 
I3 500 7-56449 216,66 
14 090 -56 -49 216.66 
1 4  300 -56 -49 216.66 
15 003 -56.49 216.66 
I 5  500 -56.49 216.66 
16 030 -56.49 216.66 
16500 -56.40 216.66 
17 003 -56.49 216.66 
17 500 -56 &9 216.66 

CABLE 3 

Barometric 

pressure, 
- Hg 

760.00 
715.96 
674.12 
634.30 
596.28 
560 3 4  
525.98 
4932 5  
462.46 
433.15 
405.37 
379.04 
354,13 
330.54 
308-26 
287.20 
267 3 8  
248.62 
230.95 
214.36 
198.70 
18388 
170,19 
157.33 
145p 4  
134.46 
124$0 
114.92 
I06 2 4  
98.221 
90.810 
83,954 
77.616 
71,763 
66.350 
61,345 

Air 
density, 

kgf /m3 

1,2250 
1 .I672 
1.1117 
1,0582 
1.0066 
9,5706 * IO-' 
9,0941 * 10-I 
8.6345 . IO-' 
8,1942 . lo-' 
7,7714 . IO-' 
7.3654. lo-' 
6,9758 . IO-' 
6,6022 . IO-' 
6.244 1 . IO-' 
5.9010 . IO-' 
5,5725 . IO-' 
52591 . 10-1 
4,9585. 10-1 
4,6712. 10-1 
4,3977. 10-1 
4.1357. IO-' 
3.8859 . IO-' 
3,6485 . IO-' 
3 3728 * IO-' 
3.1 180 IO-' 
2 -8825 . IO-' 
2,6648 . IO-' 
2.4636 * IO-' 
2.2776 . IO-' 
2,1056 . lo-' 
1.9467 . IO-' 
1.7998. IO-' 
1.6640 * IO-' 
1.5384 - IO-' 
1.4224 * IO-' 
1,3151 . lo-' 

-

Speed of 

sound, 

km/hr 


1225.O 
1218.1 
1211.1 
1204.1 
1197.1 
1190,o 
1182.8 
1175.6 
1168.4 
1161-1 
1153.8 
1146.5 
1139.1 
1131.6 
1124.1 
11 16.6 
1109.0 
1101,3 
1093.6 
1085.9 
1078.0 
10703 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
1062.2 
I062 2 
106292 
1062.2 
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a 
.) 

-a al 
1 

.!A 
.d 

+I 
d 

4 

18 000 
18 500 
19039 
19 500 
20 033 
21 000 
22 033 
23 000 
24 033 
25 003 
26 033 
27 003 
28 033 
29 030 
33030 
32 030 
35 000 
40 000 
45 000 
50 000 
55 000 
60 030 
65 000 
70 000 
73 009 
80 000 
85 000 
96 000 
95 030 

100 000 
I10000 
120003 
I50 000 
200 000 
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TABLE 3 (continued) 

~~ ~ .. 

A i rTemperature Barometric density,  
Speed of 

Q K  
pressure, sound, 

O C  mm Hg' 
Ikgf /m3 km/hr-

-88.15 

-56.49 216-66 56,719 1,2159 * IO-' 1062.2 
-56.49 216.66 52 ,413 1-1242 . 10-1 1062.2 
-56-49 216.66 48.489 1,0395 . IO-' 1062,2 
-56.49 216.66 44.834 9 6 1  14 . IO-' 1062.2 
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material is thrown o u t  from the lower l a y e r s  of the s o l a r  atmosphere. T h e  

r a d i a t i o n  of t h e  f i r s t  type is  c a l l e d  “ s o l a r  wind“, w h i c h  is a continuous flow 

of plasma c o n s i s t i n g  p r i m a r i l y  of protons and e l e c t r o n s .  

The chromospheric f l a r e s  on the  Sun are accompanied by “erupt ions“ of 

streams of ionized plasma, charged p a r t i c l e s  (protons,  a lpha p a r t i c l e s ,  elec

t rons) ,  n u c l e i  of helium, oxygen and o t h e r  elements, as w e l l  as an  i n c r e a s e  i n  

t h e  i n t e n s i t y  of v i s i b l e  u l t r a v i o l e t  and X-radiation, gamma r a y s ,  r a d i o  noise ,  

etc. The i n t e n s i t y  of t h e  corpuscular  r a d i a t i o n  may i n c r e a s e  up t o  hundreds of 

thousands of p a r t i c l e s  per  square cent imeter .  It i s  a t  t h i s  t i m e  t h a t  powerful 

magnetic storms occur on Ear th ,  d i s r u p t i n g  shortwave r a d i o  communications; 

b r i l l i a n t  d i s p l a y s  of aurora  are observed, t h e r e  i s  a weakening of g a l a c t i c  

r a d i o  noise ,  etc. The composition of t h e  corpuscular  r a d i a t i o n  i n  chromospheric 

f l a r e s  is not  uniform. Thus, f o r  example, t h e  corpuscular  r a d i a t i o n  which 

accompanied t h e  f l a r e  t h a t  took p lace  on 23 February 1956 cons is ted  e n t i r e l y  

of protons.  

The frequency and i n t e n s i t y  of chromospheric f l a r e s  i n c r e a s e  with increas

i n g  s o l a r  a c t i v i t y  and reach a maximum approximately every 11 years .  Chromo

s p h e r i c  f l a r e s  of high i n t e n s i t y  are r e l a t i v e l y  rare. A t o t a l  of f i v e  such 

f l a r e s  w e r e  observed from 1942 t o  1956. I n  r e c e n t  years ,  wi th  t h e  a i d  of 

s a t e l l i t e s ,  i t  has  been determined t h a t  s o l a r  f l a r e s  of low i n t e n s i t y  take  /26 
p l a c e  on t h e  average once a month. However, due t o  t h e  s l i g h t  r i g i d i t y  of t h e  

r a d i a t i o n  spectrum of these  f l a r e s ,  they a r e  not  recorded on t h e  Earth.  The 

chromospheric f l a r e s  on t h e  Sun are very complex processes  and have s t i l l  been 

s t u d i e d  very l i t t l e .  

I n  passing through t h e  Ear th’s  atmosphere, the s o l a r  r a d i a n t  energy is  

p a r t i a l l y  r e f l e c t e d ,  s c a t t e r e d  and absorbed by molecules of t h e  gases t h a t  make 

up t h e  a i r ,  water  vapor, and d u s t  p a r t i c l e s .  The s h o r t e s t  r a y s  (with wavelengths 

from 0.06 t o  290 mil l imicrons)  do not  reach t h e  s u r f a c e  of t h e  Earth and are 

completely absorbed by t h e  ozone l a y e r .  I n f r a r e d  r a y s  are absorbed pr imar i ly  

by w a t e r  vapor i n  t h e  atmosphere. Consequently, t h e  more w a t e r  vapor i n  t h e  
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atmosphere, t h e  fewer i n f r a r e d  r a y s  reach the Earth's sur face .  The  i n t e n s i t y  

of t h e  s o l a r  r a d i a t i o n  a t  t h e  upper l i m i t  of the atmosphere is equal  t o  1.94 
2 on t h e  average and does not  exceed 1.52 cal/cm /minute a t  t h e  Ear th ' s  sur face .  

With increas ing  a l t i t u d e ,  the i n t e n s i t y  of u l t r a v i o l e t  and i n f r a r e d  r a d i a t i o n  

increases. U l t r a v i o l e t  r a d i a t i o n  increases  on the average by 3 t o  4% f o r  

every 100 m of  a l t i t u d e .  

Within allowable limits, s o l a r  r a d i a t i o n  can have a favorable  e f f e c t  on t h e  

human organism, s t i m u l a t i n g  normal phys io logica l  processes .  Under i t s  i n f l u 

ence, t h e r e  i s  a considerable  improvement i n  the genera l  f e e l i n g  of man, his 

a t t i t u d e  and performance of work. Espec ia l ly  va luable  i n  t h i s  r e s p e c t  is  t h e  

"b io logica l ly  active'' shortwave p o r t i o n  of t h e  s o l a r  spectrum ( w i t h  wavelengths 

from 300 to 365 mil l imicrons) .  

I n  a d d i t i o n  t o  s o l a r  r a d i a t i o n ,  the atmosphere and the s u r f a c e  of the 

Earth are continuously bombarded by cosmic rays.  

Cosmic Radiat ion 

Cosmic space is s a t u r a t e d  w i t h  var ious  kinds of r a d i a t i o n .  Here t h e r e  

are streams of charged and n e u t r a l  p a r t i c l e s  as w e l l  as electromagnet ic  waves 

i n  t h e  rad io  region,  l i g h t  waves, u l t r a v i o l e t  r a y s ,  X-rays and gamma rays.  

Cosmic rays  o f  g a l a c t i c  and s o l a r  o r i g i n  as w e l l  as t h e  shortwave r a d i a t i o n  

from t h e  Sun are types of r a d i a t i o n  which are of enormous importance under 

today's condi t ions.  -I 2 7  

Galactic cosmic r a d i a t i o n  c o n s i s t s  p r i m a r i l y  of protons and alpha p a r t i c l e s  

(98%). The remaining 2% is  made up of the n u c l e i  of l i t h i u m ,  beryl l ium, boron, 

carbon, oxygen, n i t rogen ,  f l u o r i n e ,  etc. Near t h e  Earth, i t  is  l a r g e l y  

screened by t h e  l a t te r ' s  geomagnetic f i e l d  and the atmosphere. Therefore,  t h e  

i n t e n s i t y  of g a l a c t i c  (primary) cosmic r a d i a t i o n  on Earth is  about 20 t i m e s  

less than i n  i n t e r p l a n e t a r y  space.  
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Thanks t o  t h e i r  extremely h i g h  speeds of movement [about 500 km per  

second), cosmic r a y s  have tremendous energy; this can b e  enough f o r  t h e m  t o  b e  

a b l e  t o  p e n e t r a t e  t h e  e n t i r e  thickness  of the Earth's atmosphere. Among t h e  

cosmic rays ,  there are p a r t i c l e s  which have energ ies  m i l l i o n s  and hundreds of 

mi l l ions  of t i m e s  g r e a t e r  than t h e  maximum energy of p a r t i c l e s  which are accel

e r a t e d  i n  t h e  most powerful a c c e l e r a t o r s  on Earth.  Enter ing t h e  Ear th ' s  atmos

phere, f a s t  p a r t i c l e s  c o l l i d e  w i t h  atoms of gases  i n  the atmosphere and d e s t r o y  

them. A s  a r e s u l t  of t h e  c o l l i s i o n s ,  secondary cosmic r a y s  are formed. This  

can g ive  rise t o  p a r t i c l e s  wi th  completely new p r o p e r t i e s .  

S tudies  have shown t h a t  t h e  levels of cosmic r a d i a t i o n  a t  a l t i t u d e s  which 

are a t t a i n e d  by modern a i r c r a f t ,  even during long f l i g h t s ,  are not  dangerous t o  

man. A c e r t a i n  degree of danger might b e  posed by f l i g h t s  a t  g r e a t  a l t i t u d e s  

during powerful chromospheric f l a r e s  on t h e  Sun, when t h e  doses of r a d i a t i o n  can 

reach t e n s  and even hundreds of r e m  i n  a s h o r t  t i m e .  

Magnetic F i e l d  of the  Ear th  and t h e  Radiat ion B e l t sThe .. 

The Earth,  l i k e  many cosmic bodies,  has a magnetic f i e l d .  E l e c t r i c a l l y  

charged p a r t i c l e s  which are wi th in  t h e  limits of t h i s  f i e l d  i n t e r a c t  wi th  i t  

and, as a r e s u l t ,  begin t o  move along magnetic l i n e s  of force .  A t  t h e  p o i n t  of 

o r i g i n  of t h e  magnetic equator ,  t h e  v e l o c i t y  of t h e  p a r t i c l e s  reaches i t s  

maximum value.  

Due t o  t h e  capture  and holding of e l e c t r i c a l l y  charged p a r t i c l e s  by t h e  

magnetic f i e l d  of t h e  Ear th ,  zones o r  b e l t s  of increased r a d i a t i o n  are formed 

i n  space near  t h e  Earth.  

These b e l t s  form a c o l o s s a l  cloud c o n s i s t i n g  of e l e c t r i c a l l y  charged 

p a r t i c l e s .  To a c e r t a i n  degree,  they can be divided condi t iona l ly  i n t o  two /28 
r a d i a t i o n  b e l t s :  inner  and o u t e r  (Figure 2) .  
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Outer r a d i a t i o n  b e l t  

Inner  r a d i a t i o n  b e l t  

Figure 2. Radiat ion b e l t s  of the Earth.  

The inner  r a d i a t i o n  b e l t  of the  Ear th  co r~sLs t sp r f h a z i l y  of high-energy 

protons.  I n  t h e  Western Hemisphere, t he  lower U m i t  af t he  b e l t  passes a t  an 

a l t i t u d e  of 500 t o  600 km, whi le  i n  the  Eas te rn  &misphere i t  is  a t  an a l t i t u d e  

of approximately 1600 km. This  d i f f e r e n c e  i n  a l t i t u d e  is  explained by the  

p e c u l i a r i t i e s  of t h e  magnetic f i e l d .  The ou te r  l i m i t  of t h i s  r a d i a t i o n  b e l t  i s  

about 7,000 t o  10,000 km from t h e  su r face  of the  Ear th .  

The m a x h ”  r a d i a t i o n  i n t e n s i t y  i n  the  inne r  b e l t  i s  observed a t  d t i t u d e s  

of 2500 t o  3600 km. According t o  t h e  l a t e s t  d a t a ,  t h e r e  i s  a l s o  a second 

r a d t a t i o n  maximum a t  an a l t i t u d e  of 7,000 t o  8,(MO lan. 

The ou te r  r a d i a t i o n  b e l t  of t h e  Earth is l oca t ed  10,QUO t o  75,000 h frm 

t h e  E a r t h ’ s  sur face .  This  r a d i a t i o n  b e l t  is formed pr imar i ly  by  e l ec t rons .  

The i n t e n s i t y  maximum of t h e  e l e c t r o n  flux is observed i n  the e q u a t o r i a l  p lane  

a t  15,000 t o  20,000 Jan. 

The r a d i a t i o n  b e l t s  i n t e r s e c t  one another,  forming continuous f luxes  of 

charged p a r t i c l e s  maintained by the  magnetic f i e l d  of t he  Earth.  The maximum 

concent ra t ion  of proton f l u x  i s  observed a t  a l t i t u d e s  of 2500 t o  3500 km. For /29 
f l i g h t s  i n  t h i s  reg ion  of space near  t h e  Earth,  crews must have s p e c i a l  p ro tec t ion .  
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Temperature of the Atmosphere 

The p r i n c i p a l  source  of t h e  h e a t  received by t h e  Earth i s  t h e  Sun. For 

each square meter of the Ear th ' s  s u r f a c e ,  an average of 1 4  t o  18 l a r g e  c a l o r i e s  

of h e a t  are requi red  each minute. 

A l a r g e  p o r t i o n  of t h e  s o l a r  r a d i a t i o n  which reaches t h e  Ear th ' s  s u r f a c e  

i s  absorbed by the latter and converted i n t o  thermal energy. From t h e  s u r f a c e  

of t h e  Earth,  t h e  h e a t  i s  t ransmi t ted  t o  t h e  l a y e r  of a i r  ad jacent  t o  it. The 

heated air, being less dense and l i g h t e r ,  rises upward and cold a i r  comes t o  

t a k e  i t s  place.  The w a r m  air ,  e n t e r i n g  a region of reduced pressure ,  expands. 

To perform t h i s  work, a c e r t a i n  amount of thermal energy i s  used, so t h a t  the 

temperature of t h e  a i r  f a l l s ;  w i t h i n  t h e  limits of t h e  troposphere,  t h e  tempera

t u r e  of t h e  a i r  decreases  on an average by 0.65" C f o r  every 100 m of a l t i t u d e .  

This  va lue  i s  c a l l e d  t h e  v e r t i c a l  temperature grad ien t .  

The decrease i n  temperature is  not  always r e g u l a r :  a t  an a l t i t u d e  up t o  

2 km, w e  f i n d  devia t ions  from t h e  temperature ca lcu la ted  on t h e  b a s i s  of t h e  

v e r t i c a l  temperature grad ien t .  Sometimes, when r i s i n g  t o  t h i s  a l t i t u d e ,  w e  

do n o t  f i n d  a decrease b u t  r a t h e r  an i n c r e a s e  i n  t h e  air  temperature.  This  

phenomenon i s  c a l l e d  invers ion .  Invers ion  takes  p lace  due t o  i r r e g u l a r  hea t ing  

of t h e  Ear th ' s  s u r f a c e  and v i o l e n t  mixing of a i r  masses. 

A s  a l t i t u d e  increases ,  t h e  a i r  cools  and a t  a c e r t a i n  a l t i t u d e  t h e  tempera

t u r e  decrease ceases. This a l t i t u d e  i s  c a l l e d  t h e  boundary between the  tropo

sphere  and t h e  s t r a t o s p h e r e .  I n  middle l a t i t u d e s ,  a t  t h i s  temperature 

boundary, t h e  a i r  temperature decreases  t o  -56" C and a t  t h e  equator  - t o  

-7Otc-80OC. This  temperature i n  t h e  s t r a t o s p h e r e  is maintained t o  a n  a l t i t u d e  

of approximately 25 km, a f t e r  which i t  begins  t o  increase ,  reaching a maximum 

a t  an a l t i t u d e  of approximately 50 km. 
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The temperature decreases  i n  the mesosphere a t  a l t i t u d e s  from 50 t o  90 km. 

In t he  thermosphere, i t  inc reases ,  and a t  an  a l t i t u d e  of 200 km i t  reaches 

954, whi le  a t  an a l t i t u d e  of 500 km, i t  reaches 1500' C .  Above t h i s ,  t h e  /30 
temperature remains cons tan t .  A s  we have a l r eady  pointed o u t  above, under 

these  condi t ions i n  the  atmosphere, t h e  temperature r e f l e c t s  only t h e  rate of 

movement of gas p a r t i c l e s .  The hea t ing  of bodies  w i l l  t ake  p l ace  due t o  

absorp t ion  of s o l a r  r a d i a t i o n .  

The temperature of t he  a i r  a t  t h e  s u r f a c e  of the Ear th  varFes considerably 

depending on the  geographical l a t i t u d e ,  t ime of yea r ,  and t i m e  of day. Formerly, 

the  "cold pole" w a s  considered t o  be the city of Ver&yanskS where a tempera

t u r e  of -68" C w a s  recorded. Later, a temperature of -21" C w a s  recorded a t  

the  se t t lement  of Oymyakon in the  Y a k u t  Autonomus SSR. And q u i t e  r e c e n t l y ,  

Sovie t  meteoro logis t s  a t  t h e  'rVostok" Staticm ia Anta rc t i ca  recorded a tempera

t u r e  drop t o  -88.3" C. The h ighes t  known t empera tu re  (+58O C) w a s  recorded i n  

Afr ica  near t h e  c i t y  of T r i p o l i .  
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CHAPTER I11 

BRIEF SURVEY OF HUMAN ANATOMY AND PHYSIOLOGY -I31 

Anatomy and physiology belong t o  t h e  b i o l o g i c a l  sc iences  which s tudy 

l i v i n g  organisms. Anatomy is  t h e  sc ience  of t h e  e x t e r n a l  shapes and i n t e r n a l  

s t r u c t u r e s  of t h e  organism, while  physiology i s  t h e  sc ience  of  func t ions  o r  

a c t i o n s  of i n d i v i d u a l  organs and t h e  organism as a whole. 

A l l  of t h e  c e l l s ,  t i s s u e s ,  and organs of t h e  body are func t iona l ly  i n t e r 

r e l a t e d .  The leading  r o l e  i n  t h i s  l inkage  and i n  t h e  c o n t r o l  and regula t ion  of 

a l l  l i f e  processes of t h e  organism is  played by t h e  nervous system. St imulat ion 
of t h e  nerve endings i n  one organ, t ransmi t ted  through t h e  c e n t r a l  nervous 

system, has an e f f e c t  on t h e  a c t i v i t y  of another .  Thus, f o r  example, p a i n f u l  

s t imula t ion  of t h e  nerve endings of some p a r t  of t h e  s k i n  causes cont rac t ion  of 

a c e r t a i n  group of muscles and may l e a d  t o  a change i n  t h e  a c t i o n  of t h e  h e a r t ,  

d i s r u p t i o n  of r e s p i r a t i o n ,  etc.  

I n  addi t ion  t o  t h e  f u n c t i o n a l  r e l a t i o n s h i p  between t h e  cel ls ,  t i s s u e s  and 

organs,  t h e r e  i s  a l s o  a chemical l i n k  which opera tes  through t h e  blood and 

lymph. The essence of t h i s  r e l a t i o n s h i p  c o n s i s t s  of t h e  f a c t  t h a t  substances 

which are formed during t h e  a c t i v i t y  of c e r t a i n  organs e n t e r  t h e  blood, which 

c a r r i e s  i t  through t h e  e n t i r e  organism, s t i m u l a t i n g  o r  suppressing t h e  a c t i v i t y  

of o t h e r  organs.  Thus, f o r  example, substances l i b e r a t e d  by t h e  adrenal  glands 

e x e r t  an inf luence  on t h e  a c t i o n  of t h e  h e a r t  and t h e  i n t e s t i n e .  This form of 

communication i s  a l s o  under t h e  c o n t r o l  of t h e  c e n t r a l  nervous system. "There 

i s  no p a r t  of t h e  human organism which could e x i s t  a lone,  without  any connection 
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t o  o t h e r  p a r t s ;  b u t  none of  t h e  p a r t s  of our body is  l inked  so v i t a l l y  wi th  

t h e  o t h e r s  as t h e  brain"  (3) . 

The theory of t h e  body a s  a s i n g l e  whole a l s o  inc ludes  t h e  assumption /32 
of an immutable l i n k  between t h e  psychic and corporeal .  The psychic  a c t i v i t y  

i s  a func t ion  of h ighly  organized m a t t e r ,  t h e  bra in .  

The s t r u c t u r e  and a c t i v i t y  of t h e  body a r e  always adapted t o  c e r t a i n  

condi t ions  of ex is tence .  Any change i n  these condi t ions  causes  a change i n  t h e  

s t r u c t u r e  and func t ion  of i t s  organs. 

"The body," wrote I. M. Sechenov, 'lis impossible without an e x t e r n a l  

medium support ing i t s  exis tence ;  therefore ,  t h e  s c i e n t i f i c  determinat ion of a 

body must involve t h e  medium which a f f e c t s  i t ,  s i n c e  ex is tence  of t h e  

body without t h e  l a t t e r  i s  i m p ~ s s i b l e " ( ~ ) .  Consequently, t h e  s t r u c t u r e  and 

v i t a l  a c t i v i t y  of t h e  body can only b e  understood by s tudying i t  i n  

conjunct ion with t h e  condi t ions  of ex is tence .  

I n  regard t o  man, i t  is  necessary t o  consider  no t  only t h e  b i o l o g i c a l ,  

bu t  a l s o  t h e  socia1,laws which t o  a l a r g e  e x t e n t  determine h i s  development and 

a c t i v i t y  . 

C e l l s  and Tissues  

The human body has a c e l l u l a r  s t r u c t u r e ,  i . e . ,  i t  c o n s i s t s  of a l a r g e  

number of cells .  

(3 )N .  A. Dobrolyubov: Izbrannyye Fi losofsk iye  Proizvedeniya (Selected 
Phi losophica l  Excerpts) .  Vol. 1, 1948, p. 249. 

( 4 ) I .  M. Sechenov: Medits inskiy Vestnik. S t .  Petersburg,  N o .  26, 1861. 
p .  242. 
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C e l l s  d i f f e r  considerably i n  shape, s i z e  and s t r u c t u r e  (Figure 3 ) .  

According t o  modern views, t h e  c e l l  is a microscopical ly  s m a l l  organ of a com

plex  organism, i n  which c e r t a i n  v i t a l  processes  take  place.  The l i v i n g  ce l l  

obta ins  necessary n u t r i e n t  substances from t h e  medium surrounding i t  as w e l l  as 

oxygen and g ives  of f  unnecessary substances t o  t h i s  medium (carbon dioxide,  e t c . ) .  

Hence, t h e r e  is a continuous exchange between t h e  c e l l  and t h e  surrounding 

medium, without  which l i f e  would not  b e  poss ib le .  "Life", wrote Engels, "fs 

t h e  a b i l i t y  of p r o t e i n  bodies  t o  surv ive ,  wi th  t h e  c r u c i a l  f a c t o r  being t h e  

cons tan t  exchange of  substances wi th  e x t e r n a l  n a t u r e  surrounding them, s o  t h a t  

c e s s a t i o n  of t h i s  exchange w i l l  l ead  t o  terminat ion of l i f e  i t s e l f ,  and t o  a 

breakdown of t h e  protein"  (5) . 

The cel ls  which c a r r y  out  c e r t a i n  v i t a l  funct ions j o i n  toge ther  t o  form 

fundamental t i s s u e s  (nervous, connective t i s s u e ,  c a r t i l a g e ,  bone, muscle, 

epi thel ium, e t c . )  while  t h e  t i s s u e s  i n  t u r n  form organs.  

Organs and Organ S y s t e m s  

Each organ i n  t h e  human body has  a c e r t a i n  func t ion  t o  perform: t h e  

h e a r t ,  c o n t r a c t i n g  rhythmical ly ,  moves t h e  blood through t h e  v e s s e l s ;  t h e  lungs 

provide gas exchange between t h e  body and t h e  e x t e r n a l  medium, e t c .  

I n  accordance wi th  t h e i r  b a s i c  func t ions ,  t h e  organs form organ systems. 

These systems inc lude  t h e  nervous system, t h e  sense organ system, t h e  r e s p i r a 

t o r y  system, t h e  c i r c u l a t o r y  system, t h e  support-motor system, excretory system, 

d i g e s t i v e  system, as w e l l  as systems of endocrine glands and reproduct ive 

organs . 

The support-motor system c o n s i s t s  of t h e  ske le ton  and the  t r a n s v e r s e l y  

s t r i a t e d  muscles; t h e  c i r c u l a t o r y  system c o n s i s t s  of t h e  h e a r t  and t h e  blood 

vesse ls ;  t h e  r e s p i r a t o r y  system c o n s i s t s  of t h e  nose,  pharynx, la rynx ,  t rachea ,  

(5)Fr iedr ich  Engels : D i a l e k t i k a  Pr i rody  ( D i a l e c t i c s  of Nature) . 
"Gospolit izdat" Press ,  1952, p. 244. 
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Figure 3 .  S t r u c t u r e  of cel ls  and t i s s u e s .  

1 - cuboidal epithelium; 2 - c y l i n d r i c a l  epithelium; 
3 - connective t i s s u e ;  4 - c a r t i l a g e  t i s s u e ;  5 - bone t i s s u e ;  
6 - muscle t i s s u e ;  7 - nerve ce l l ;  8 - blood: a - ery throcytes ,  
b - lymphocytes, c - neut rophi les ,  d - eosinophi les ,  e - blood 
p l a t e l e t s  (thrombocytes). 
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bronchi  and lungs; t h e  d i g e s t i v e  system c o n s i s t s  of the o r a l  cav i ty ,  pharynx, 

esophagus, stomach, i n t e s t i n e ,  pancreas,  and l iver;  t h e  excretory system con

sists of t h e  kidneys, u r e t e r s ,  and u r i n a r y  bladder;  t h e  nervous system c o n s i s t s  

of t h e  b r a i n  and s p i n a l  cord,  as w e l l  as sensory and motor nerves.  

D i f f e r e n t i a t e d  i n  s t r u c t u r e  and purpose, possessing a c e r t a i n  degree of 

independence, a l l  of t h e  systems and organs s t i l l  func t ion  i n  a very  c l o s e  

i n t e r r e l a t i o n s h i p .  

Neryous System 

The i d e a  of t h e  dominant r o l e  played by t h e  nervous system i n  t h e  e n t i r e  

r e a c t i o n  of t h e  organism t o  t h e  inf luence  of e x t e r n a l  o r  i n t e r n a l  media, i . e . ,  

t h e  i d e a  of nervism, was developed most completely i n  t h e  teachings of I. P .  

Pavlov regarding higher  nervous a c t i v i t y ,  which forms t h e  n a t u r a l  s c i e n t i f i c  -I 3 6  

m a t e r i a l i s t i c  b a s i s  of Sovie t  biology and medicine. 

Nerve c e l l s  and t h e i r  branches form t h e  b a s i s  of nerve t i s s u e .  

The nervous system (Figure 4 )  is  divided i n t o  t h e  c e n t r a l  ( b r a i n  and 

s p i n a l  cord) and p e r i p h e r a l  (c ran iocerebra l  and c e r e b r a l  s p i n a l  nerves) s e c t i o n s .  

A g r e a t  many nerve f i b e r s  run from t h e  b r a i n  and s p i n a l  cord. There are 

motor and sensory nerve f i b e r s .  The former car ry  impulses from t h e  c e n t r a l  

nervous system t o  t h e  organs and t i s s u e s ,  causing them t o  a c t ,  whi le  t h e  second 

have t h e  oppos i te  e f f e c t :  they r u n  from t h e  organs and t i s s u e s  t o  t h e  c e n t r a l  

nervous system. I n  a d d i t i o n  t o  the motor and sensory func t ions ,  t h e  nervous 

system a l s o  has  a so-cal led t r o p h i c  func t ion  (from t h e  word " t rophics"  -
nourishment). It a f f e c t s  t h e  metabolism i n  t h e  organism and r e g u l a t e s  t h e  

nourishment of t i s s u e s  and organs.  

The b r a i n  c o n s i s t s  of f i v e  p a r t s :  two hemispheres ( r i g h t  and l e f t ) ,  t h e  

diencephalon, mesencephalon and t h e  medulla oblongata as w e l l  as t h e  cerebellum. 
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Figure 4 .  Human nervous system. 

1 - cerebrum; 2 - cerebellum; 3 - s p i n a l  cord; 
4 - per iphe ra l  nerves .  
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The largest p a r t  i s  made up of the  hemispheres. The s u r f a c e  of the  b r a i n  i s  

s t reaked  wi th  furrows and convolutions.  The outer  l a y e r  of the  cerebrum is  

ca l l ed  the  cor tex .  The  co r t ex  conta ins  a l l  of the  furrows and convolutions of 

t h e  b ra in .  It i s  20 m2 i n  s i z e .  The cor tex  c o n s i s t s  of about 1 6  b i l l i o n  nerve 

c e l l s ,  d i f f e r i n g  i n  s t r u c t u r e  and func t ion .  The c e r e b r a l  co r t ex  i s  the  most 

important p a r t  of t he  c e n t r a l  nervous system; without  i t ,  psychic a c t i v i t y  of 

the human being is  impossible.  

The cor tex  has  areas o r  cen te r s ,  each of which performs a specific 

funct ion.  For example, t h e  v i s u a l  c e n t e r  i s  loca ted  i n  the  o c c i p i t a l  region,  

the  audi tory  center  i s  loca ted  i n  the  temporal region,  and so on. 

To c o n t r o l  t h e  a c t i v i t y  of t he  organism, i t  i s  necessary f o r  c e r t a i n  

(var ious)  s t i m u l i  t o  reach t h e  c e r e b r a l  co r t ex  ( s igna l s )  from the surrounding 

medium and from t h e  i n t e r n a l  organs.  These s t i m u l i  are de tec ted  by s p e c i a l l y  

equipped nerve endings i n  the  t i s s u e s  and organs. These are c a l l e d  receptors .  

The r ecep to r s  of t h e  organs of v i s ion ,  hear ing ,  o l f a c t i o n  and t a s t e  a s  
w e l l  as the  receptors  i n  the  s k i n  perceive pain,  temperature,  t a c t i l e ,  l i g h t ,  

chemical and o the r  s t i m u l i ,  received from the  environment. -I 37  

The r ecep to r s  i n  the  muscles, l igaments ,  and j o i n t s  d e t e c t  s t i m u l i  t h a t  

arise i n  them due t o  changes i n  the  p o s i t i o n  of the  human body i n  space and 

posture .  The sensa t ion  which develops a s  a r e s u l t  of t h i s  d e t e c t i o n  i s  ca l l ed  

t h e  muscle-joint sense.  

S t imul i  t h a t  develop i n  the  i n t e r n a l  organs ( h e a r t ,  lungs,  l i v e r ,  e t c . )  

are t ransmi t ted  t o  the  c e r e b r a l  co r t ex  from recep to r s  i n  these  organs.  

Thanks t o  the  r ecep to r s ,  t h e r e  is a l i n k  between the  co r t ex  and t h e  

e x t e r n a l  world and the  i n t e r n a l  medium of the  organism i t s e l f .  The r ecep to r s ,  

wi th  nerve f i b e r s  running from them t o  corresponding c e n t e r s  i n  the  b r a i n ,  

form a s i n g l e  func t iona l  system which I. P. Pavlov c a l l e d  an "analyzer". The 
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name of ' 'analyzers' ' w a s  chosen by him t o  emphasize t h e i r  importance f o r  t h e  

a n a l y s i s  of phenomena of t h e  external and i n t e r n a l  medium. 

The h i g h e s t  c e n t e r  of t h e  ana lyzer  is  t h e  corresponding p o r t i o n  of the  

c e r e b r a l  cor tex.  

I. P. Psvlov c a l l e d  t h e  c e r e b r a l  c o r t e x  a complex ana lyzer .  The s i g n a l s  

t h a t  are obtained from t h e  e x t e r n a l  world i n  t h e  c e r e b r a l  c o r t e x  are n o t  only 

analyzed (sor ted  and s e l e c t e d )  b u t  synthesized ( l inked and compared) i n  i t s  

nerve cells .  Thus, t h e  c o r t e x  carries o u t  a high l e v e l  of a n a l y s i s  and syn

t h e s i s  of a l l  complex v i t a l  func t ions .  Consequently, t h e  human organism is a 

s i n g l e  f u n c t i o n a l l y  l inked  system, which i s  i n  c l o s e  i n t e r a c t i o n  wi th  t h e  

surrounding medium. 

Pavlovian teachings regarding analyzers  are i n  complete agreement with 

t h e  Marxist-Leninist  v i e w ,  according t o  which "sensa t ion  i s  a real  d i r e c t  l i n k  

of t h e  consciousness w i t h  t h e  e x t e r n a l  world; i t  i s  conversion of t h e  energy 

of t h e  e x t e r n a l  s t imulus  i n t o  perception" (6) . 

The s p i n a l  cord runs  i n s i d e  t h e  s p i n a l  column. The s p i n a l  cord i s  

40 - 45 cm long, and has  an average diameter of 1 cm.  The s p i n a l  cord con

sists of nerve cel ls  and f i b e r s .  Thirty-one p a i r s  of s p i n a l  nerves  branch out  

from it, cons tan t ly  branching f u r t h e r  and p e n e t r a t i n g  a l l  the t i s s u e s  and 

organs. Both motor and sensory f i b e r s  make up the cerebrospina l  nerves.  

Impulses created by t h e  c o n t r a c t i o n  of muscles travel over t h e  motor f i b e r s  /38 
from t h e  c e n t e r  t o  t h e  per iphery ( t o  t h e  muscles, s k i n ,  e t c . ) ,  whi le  s t i m u l i  

de tec ted  by nerve endings i n  t h e  t i s s u e s  and organs travel over t h e  sensory 

f i b e r s  from t h e  per iphery toward t h e  center .  Thus, t h e  c e r e b r a l  s p i n a l  nerves 

l i n k  t h e  per iphery of  our  body with t h e  c e n t r a l  nervous system. 

-_  

(6)V.  I. Lenin. Complete Col lected Works. Vol. 18, p. 46. 
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A c t i v i t y  of the c e n t r a l  nervous svstem. The b a s i s  of t h e  a c t i v i t y  of t h e  

nervous system i s  t h e  so-called r e f l e x .  A reflex i s  understood t o  b e  t h e  

responsive r e a c t i o n  of t h e  organism t o  some s t imulus ,  c rea ted  by t h e  c e n t r a l  

nervous system. For example, when an i n d i v i d u a l ' s  hand i s  c u t  or  burned, he 

withdraws i t ,  s i n c e  t h e  nerve endings i n  t h e  s k i n  are s t imula ted ,  From t h e s e  

endings, t h e  s t imulus passes  along t h e  sensory nerve f i b e r s  t o  t h e  s p i n a l  

column, where i t  is t ransmi t ted  t o  motor nerve f i b e r s  from t h e  sensory nerve 

f i b e r s .  The s t imulus passes  over t h e  motor nerve f i b e r s  t o  t h e  muscles of t h e  

hand. This i s  a pathway o r  an arc of t h e  r e f l e x .  When t h e  impulse is  t rans

mit ted t o  t h e  muscles, they c o n t r a c t ,  s o  t h a t  t h e  hand is withdrawn. 

According t o  t h e  teaching of I. P. Pavlov, t h e r e  a r e  unconditioned and 

conditioned r e f l e x e s .  Unconditioned r e f l e x e s  a r e  congeni ta l  and a r e  t rans

mit ted by inher i tance .  Reflexes which a r e  acquired by man i n  t h e  course of 

h i s  l i f e  under t h e  inf luence  of t h e  surrounding medium are c a l l e d  conditioned. 

Pavlovian teachings regarding condi t iona l  r e f l e x e s  have played an enormous r o l e  

i n  t h e  discovery of t h e  b a s i c  laws of higher  nervous a c t i v i t y  of animals and 

man. 

The l i n k  of t h e  organism wi th  t h e  e x t e r n a l  medium i s  accomplished on t h e  

b a s i s  of unconditioned and conditioned r e f l e x e s .  For example, i f  some food 

e n t e r s  t h e  mouth of an animal, i t s  contact  with t h e  mucous membrane of t h e  

o r a l  c a v i t y  w i l l  s t i m u l a t e  the  nerve endings of t h e  cavi ty ,  and s a l i v a  w i l l  

begin t o  flow. Such a response r e a c t i o n  t o  a s t imulus i s  an unconditioned 

r e f l e x .  I f  t h e  animal i s  exposed t o  some i n d i f f e r e n t  s t imulus such a s  a 

sound o r  l i g h t  a t  a c e r t a i n  t i m e  p r i o r  t o  each feeding,  t h e  animal w i l l  sali

v a t e  when t h e  s i g n a l  a lone  i s  given a f t e r  s e v e r a l  a p p l i c a t i o n s  of such a /39 

st imulus.  This w i l l  be  t h e  r e s u l t  of a conditioned r e f l e x .  

Conditioned r e f l e x e s  are very important f o r  man a s  w e l l ,  s i n c e  they l i n k  

him t o  the  e x t e r n a l  world through t h e  establ ishment  of temporal nerve connec

t i o n s  and t h e  e x t i n c t i o n  of l i n k s  which l o s e  t h e i r  va lue  f o r  t h e  v i t a l  a c t i v i t y  

of t h e  organism. 
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On t h e  b a s i s  of conditioned r e f l e x e s ,  I. P. Pavlov showed t h e  extreme i m 

portance of t h e  s i g n a l  a c t i v i t y  of the c e r e b r a l  c o r t e x  of t h e  b r a i n .  It is  

very  important f o r  t h e  organism t h a t  t h e  c e r e b r a l  c o r t e x  be a b l e  t o  s i g n a l  what 

must b e  done as a r e s u l t  of a r e f l e x  a c t i o n  t h a t  has  occurred. Thanks t o  t h i s ,  

t h e  organism is  b e t t e r  prepared f o r  var ious  e x t e r n a l  and i n t e r n a l  s t i m u l i .  

With t h e  passage of t i m e ,  t h e  c o r t e x  develops and s t o r e s  temporal nervous 

connections which are accumulated by an i n d i v i d u a l  as a r e s u l t  of ind iv idua l  

experience.  These l i n k s  make h i s  l i f e  much easier. 

Man and t h e  animals o b t a i n  s i g n a l s  from t h e  e x t e r n a l  world through t h e  

organs of v i s i o n ,  hear ing,  o l f a c t i o n  and s o  on. The mechanism which makes i t  

p o s s i b l e  t o  obta in  s i g n a l s  through these  organs w a s  c a l l e d  by I. P. Pavlov t h e  

" f i r s t  s i g n a l  system of r e a l i t y " ,  thanks t o  which man n o t  only p icks  up direcx 

sound, v i s u a l  and o t h e r  s t i m u l i ,  bu t  can a l s o  develop f o r  himself an idea  about 

them through t h e  v i s i b l e  and audib le  word. Due t o  v e r b a l  s i g n a l l i n g ,  man can 

sense r e a l i t y  mentally.  

The second s i g n a l  system of r e a l i t y  plays t h e  predominant r o l e .  I. P. 

Pavlov wrote: "In t h e  developing animal world, i n  t h e  human phase,  t h e r e  has  

been an extreme i n c r e a s e  i n  t h e  mechanisms of nervous a c t i v i t y .  For an animal, 

a c t i v i t y  i s  s i g n a l l e d  almost exc lus ive ly  by s t i m u l i  and t h e i r  t r a c e s  i n  t h e  

c e r e b r a l  cor tex ,  a r r i v i n g  d i r e c t l y  a t  s p e c i a l  c e l l s  of t h e  v i s u a l ,  audi tory and 

o ther  s e c t o r s  of t h e  organism. This i s  what w e  t h i n k  of a s  impressions,  sensa

t i o n s  and ideas  regarding t h e  e x t e r n a l  medium around us ,  bo th  t h a t  of  na ture  

i n  general  and our s o c i a l  world, excluding words, audib le  and v i s i b l e .  This  i s  /40 
t h e  f i r s t  s i g n a l  system of r e a l i t y ,  which w e  have i n  common w i t h  t h e  animals. 

But t h e  words have c rea ted  a second s i g n a l  system of r e a l i t y  which i s  special  

f o r  us,  being t h e  s i g n a l  of t h e  f i r s t  s igna ls"  (7) . 

(7)I.P. Pavlov. Uslovnyy Refleks (The Conditioned Reflex) .  
Collected Works, Vol. 111, Book 2 ,  1951, pp. 335-336. 



Analyxers (S-e-nse Organs) 

The a b i l i t y  t o  analyze phenomena of t h e  e x t e r n a l  and i n t e r n a l  medium is  

t h e  most important func t ion  of t h e  c e n t r a l  nervous system. 

Under the inf luence  of a s t imulus ,  an e x c i t a t i o n  develops i n  receptors  

which t r a v e l s  over t h e  nerve f i b e r s  t o  t h e  c o r t e x  of t h e  b r a i n  where i t  forms 

t h e  s e n s a t i o n  of l i g h t ,  sound, taste,  pa in  o r  some o t h e r  sensa t ion ,  depending 

on which r e c e p t o r s  w e r e  subjec ted  t o  s t imula t ion  and what p a r t s  of t h e  c o r t e x  

receive t h e  s t imulus.  Thus, i n  order  f o r  any of t h e  s e n s a t i o n s  t o  a r i s e ,  i t  

i s  necessary t h a t  receptors ,  nerve f i b e r s  and a corresponding segment of t h e  

c e r e b r a l  cor tex ,  i . e . ,  ana lyzers ,  have p a r t i c i p a t e d  i n  t h i s  process.  

The v i s u a l  analyzer  (orEan of s i g h t ) .  An extremely important r o l e  i n  

human l i f e  and i t s  i n t e r a c t i o n  wi th  t h e  e x t e r n a l  world i s  played by v i s i o n  -
t h e  most important phys io logica l  process .  By means of v i s i o n ,  w e  recognize 

t h e  shape, s i z e  and co lor  of o b j e c t s ,  g e t  an i d e a  of t h e i r  mutual p o s i t i o n s ,  

movement and d is tance ,  and thus  acqui re  t h e  a b i l i t y  t o  o r i e n t  ourselves  i n  

surrounding space.  

The v i s u a l  analyzer  c o n s i s t s  of t h e  eye, t h e  o p t i c  nerve and v i s u a l  cen ter  

i n  the  o c c i p i t a l  region of  t h e  c e r e b r a l  cor tex.  

The eye i s  a complex o p t i c a l  system (Figure 5 ) .  The e y e b a l l  has t h e  

shape of a sphere with t h r e e  l a y e r s .  The outer  l a y e r  i s  c a l l e d  t h e  s c l e r a ,  

while  t h e  t ransparent  p a r t  i n  f r o n t  i s  c a l l e d  t h e  cornea. Light  rays  can e n t e r  

t h e  e y e b a l l  only through t h e  cornea. The choroid i s  loca ted  beneath t h e  sclera. 

It i s  r i c h l y  provided wi th  blood v e s s e l s  t h a t  nourish t h e  eye. The a n t e r i o r  

p o r t i o n  of t h e  choroid,  loca ted  behind t h e  cornea, i s  c a l l e d  t h e  ir is .  I n  i t s  

c e n t e r  t h e r e  is an opening c a l l e d  t h e  pupi l .  The i r i s  a c t s  as a diaphragm. /41  

Behind t h e  iris, oppos i te  t h e  pupi l ,  t h e r e  i s  a c r y s t a l l i n e  l e n s ,  which may be 

compared wi th  a biconvex o p t i c a l  l e n s .  The e n t i r e  c a v i t y  of t h e  e y e b a l l  i s  
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c r y s t a l l i n e  

o p t i c  papi  llale;flT>
Optic  axis Pu 

Visual  a x i s
\b\ Vitreous humor 

o m e a  

Figure 5.  Cross s e c t i o n  of t h e  human eye. 

f i l l e d  w i t h  a so-called v i t r e o u s  humor. The cornea,  c r y s t a l l i n e  l e n s  and 

v i t r e o u s  humor are t ransparent .  The l i g h t  rays  pass ing  through t h e s e  t h r e e  

media are r e f r a c t e d  and s t r i k e  t h e  inner  l i n i n g  of t h e  eye, c a l l e d  t h e  r e t i n a .  

This covers only t h e  p o s t e r i o r  h a l f  of t h e  c a v i t y  of t h e  eye,  and i t  contains  

l i g h t  s e n s i t i v e  endings of v i s u a l  receptors  - rods and cones. Everybody's 

eye has about 130 m i l l i o n  rods and about 7 m i l l i o n  cones. The rods conta in  t h e  

photochemical substance rhodopsin, while  t h e  cones conta in  iodopsin.  The sen

s i t i v i t y  of each substance depends on t h e  degree of concent ra t ion  of i t s  

decay products.  

The cones are loca ted  pr imar i ly  a t  t h e  center  of t h e  r e t i n a ,  oppos i te  t h e  

center  of t h e  p u p i l  (along t h e  v i s u a l  a x i s ) .  In t h e  middle of t h e  r e t i n a  i s  

a depression (sometimes c a l l e d  t h e  yellow spot)  which contains  only cones. The 

number of cones decreases  outward toward t h e  per iphery from t h e  c e n t e r  of t h e  -I 4 2  

yellow spot .  The rods are located only on t h e  per iphery of t h e  r e t i n a .  From 

each cone and from each group of rods (about 100 rods per  group) t h e r e  runs a 
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f i n e  nerve f i b e r  which reachesthe v i s u a l  cen ter  i n  the middle of t h e  o p t i c  

nerve i n  t h e  o c c i p i t a l  region of t h e  c e r e b r a l  cor tex .  

The l i g h t  which e n t e r s  t h e  eye a f f e c t s  t h e  photochemical substances 

(rods and cones) and breaks them down, causing a photochemical reac t ion .  The 

breakdown products of t h e s e  substances,  on reaching a c e r t a i n  concentrat ion,  

s t i m u l a t e  the  nerve endings i n  the  rods and cones. The nerve impulses which 

are generated by t h i s  process  t r a v e l  along t h e  f i b e r s  of t h e  o p t i c  nerve t o  

t h e  v i s u a l  cen ter  i n  the  b r a i n  and cause v i s u a l  impressions i n  our mind. 

The func t ions  o f  t h e  rods and cones d i f f e r  considerably.  F i r s t  of a l l ,  

t h e  cones a r e  a b l e  t o  d e t e c t  s t imula t ion  only a t  a c e r t a i n  br ightness  of t h e  

objec t  and are elements of "daytime" v i s i o n ,  while  t h e  rods r e a c t  t o  weak 

i l lumina t ion  and serve  f o r  "nighttime" (crepuscular)  v i s i o n .  I n  t h e  second 

place,  the  "cone" ( c e n t r a l )  v i s i o n  i s  sharp,  making i t  poss ib le  t o  d i s t i n g u i s h  

f i n e  d e t a i l ;  however, t h e  v i s i o n  provided by t h e  rods (per iphera l )  i s  d u l l  and 

makes i t  poss ib le  only t o  o r i e n t  one ' s  s e l f  i n  space.  I n  t h e  t h i r d  p lace ,  

the  d e t e c t i o n  of co lors  i s  accomplished only by means of t h e  cones i n  t h e  

r e t i n a l  apparatus .  

Visual  a c u i t y .  I n  order  f o r  an i n d i v i d u a l  t o  determine t h e  shape of an 

objec t ,  h i s  eye must b e  a b l e  t o  make out  t h e  o u t l i n e s  and l i m i t s  of t h i s  o b j e c t .  

This a b i l i t y  of t h e  eye i s  c a l l e d  v i s u a l  a c u i t y ,  t h e  a b i l i t y  of the  eye t o  

d i s t i n g u i s h  two p o i n t s  loca ted  some d i s t a n c e  a p a r t .  I t  i s  measured by t h e  

minimum angle a t  which two p o i n t s  can s t i l l  be de tec ted  as separa te .  P r a c t i 

c a l l y  speaking, v i s u a l  a c u i t y  i s  determined w i t h  t h e  a i d  of o b j e c t s  ( t a b l e s )  

which a r e  viewed a t  a c e r t a i n  d i s t a n c e  from t h e  s u b j e c t  (5 m), which provide 

an image i n  the  eye a t  a v i s u a l  angle  from 0.5 t o  10 ' .  

Oculomotor apparatus .  The movement of t h e  eyes i s  accomplished wi th  t h e  

a i d  of t h r e e  p a i r s  of muscles, which r o t a t e  t h e  e y e b a l l  i n  i t s  o r b i t .  The 

movements of t h e  muscles of both eyes are synchronized, s o  t h a t  ind iv idua l  

movement of one eye without  s i m i l a r  movement of t h e  o t h e r  i s  impossible. I n  _L/ 4 3  
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examining c l o s e  objec ts ,  the v i s u a l  axes converge, and i n  looking a t  o b j e c t s  

a t  an  i n f i n i t e  d i s t a n c e ,  t h e  axes become p a r a l l e l .  Muscular balance and t h e  

p o s i t i o n  of  the eyes are achieved by corresponding t e n s i o n  and r e l a x a t i o n  of 

t h e i r  muscles. 

The o b j e c t  being viewed is  imaged simultaneously i n  both  eyes; we do n o t  

see i t  as double, bu t  as a s i n g l e  o b j e c t  a t  a s p e c i f i c  spot .  

Visual  es t imat ion  is  judging d i s t a n c e s  by eye and is  of g r e a t  importance 

when i t  i s  necessary t o  d i s t i n g u i s h  how c l o s e  o r  f a r  away o b j e c t s  are loca ted .  

Visual  es t imat ion  i s  p a r t i c u l a r l y  important i n  f l i g h t .  Correct  es t imat ion  of 

d i s tances  depends on t h e  muscle apparatus  of t h e  eye and t h e  s ta te  of t h e  organ 

of v i s i o n  a s  a whole. 

Auditory analyzer  (organ of hear inp) .  The p r i n c i p a l  func t ion  of t h e  

audi tory  analyzer i s  t h e  d e t e c t i o n  of sound o s c i l l a t i o n s  wi th  frequencies  from 

1 6  t o  20,000 cycles* p e r  second. 

The e a r  c o n s i s t s  of t h e  d e t e c t i n g  p o r t i o n  of t h e  analyzer .  Usually,  i t  

is  divided i n t o  t h e  o u t e r ,  middle, and inner  ear (Figure 6 ) .  

The outer  e a r  c o n s i s t s  of t h e  concha a u r i c u l a e  and t h e  o u t e r  audi tory  

passageway. The inner  end of t h i s  passageway i s  closed by an e l a s t i c  membrane 

-I 4 4cal led t h e  eardrum, which d i v i d e s  t h e  outer  and middle e a r .  

Immediately behind t h e  eardrum i s  t h e  c a v i t y  of t h e  middle e a r ,  i n  which 

t h e  so-cal led ear bones are loca ted :  t h e  malleus,  incus and s t a p e s .  The 

system of ear bones serves f o r  t r a n s m i t t i n g  sound o s c i l l a t i o n s  from t h e  eardrum 

t o  t h e  inner  e a r ,  where t h e  organ of C o r t i  i s  loca ted  t h a t  d e t e c t s  audi tory 

s t imula t ion  (named a f t e r  t h e  I t a l i a n  s c i e n t i s t  C o r t i ) .  The s t a p e s  (resembling 

a s m a l l  s t i r r u p )  i s  mounted i n  t h e  so-called ova l  window of t h e  inner  e a r  and 

completes t h e  system f o r  t r a n s m i t t i n g  sound v i b r a t i o n s .  

. ___* 
T r a n s l a t o r ' s  Note: The word "cycles" was omitted i n  t h e  fore ign  t e x t .  
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Figure 6. Schematic c ros s  s e c t i o n  of  t h e  ear. 

The cav i ty  of t he  middle ear i s  connected t o  the  nasopharyngeal c a v i t y  

by means of t h e  eus tachian  tube,  a s p e c i a l  channel a long which a i r  t r a v e l s  

during swallowing from the  nasopharynx t o  the  c a v i t y  i n  t h e  middle ear. 

The inner  ear i s  cha rac t e r i zed  by a most complex device.  It c o n s i s t s  of 

t h ree  par t s :  t he  saccules  of t he  vestibulum, t h e  cochlea and t h r e e  semicircu

la r  canals .  A l l  t h r e e  p a r t s ,  loca ted  i n  a temporal bone i n  the  

s k u l l ,  form a complex bony l abyr in th ,  w i th in  which i s  loca ted  the  membranous 

l a b y r i n t h  which r epea t s  i t s  form exac t ly .  Sound s t i m u l i  are picked up by the  

cochlea.  The saccules  of t he  vestibulum and t h e  semic i r cu la r  cana ls  form t h e  

organ of equi l ibr ium. The l a b y r i n t h  i s  f i l l e d  wi th  f l u i d .  

T h e  cochlea c o n s i s t s  of a s p i r a l  channel. Any o s c i l l a t i o n  of t h e  eardrum 

and the  ear bones causes a movement of t h e  l i q u i d  which f i l l s  t he  cochlea.  The 

cochlea conta ins  t h e  so-cal led b a s i l a r  membrane, which c o n s i s t s  of more than  

20,000 t r ansve r se ly  s t r e s s e d  f i b e r s  of d i f f e r e n t  l eng th ,  which resemble s t r i n g s .  

The organ of C o r t i  runs along t h e  e n t i r e  b a s i l a r  membrane. The most important  

p a r t  of t h i s  organ are cel ls  wi th  very f i n e  h a i r s .  These cel ls  a l s o  se rve  as 

r ecep to r s  t h a t  p i ck  up aud i to ry  s t imu l i .  
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Sound waves from t h e  surrounding medium e n t e r  the e x t e r n a l  audi tory  

passageway and set  t h e  eardrum v i b r a t i n g .  This  v i b r a t i o n  i s  t ransmi t ted  through 

t h e  cha in  of ear bones t o  t h e  c a v i t y  of t h e  cochlear  channel of t h e  inner  ear. 

The v i b r a t i o n s  of t h e  l i q u i d  i n  t h e  cochlear  channel are t ransmi t ted ,  and set 

i n  motion t h e  f i b e r s  on t h e  b a s i l a r  membrane. The f i b e r s  v i b r a t e  and set t h e  

cel ls  of t h e  C o r t i  organ i n  motion. A s  a r e s u l t ,  a nerve impulse develops which 

i s  d i r e c t e d  t o  t h e  corresponding p o r t i o n  of t h e  c e r e b r a l  c o r t e x  where a 

corresponding sound image is  synthesized.  

The v e s t i b u l a r  analyzer .  The p e r i p h e r a l  p o r t i o n  of t h e  v e s t i b u l a r  analyzer  

(apparatus)  i s  loca ted  i n  t h e  saccules  of t h e  vestibulum and t h e  semic i rcu lar  

canals  of t h e  inner  ear. 

I n  t h e  inner  c a v i t i e s  of t h e  saccules  of t h e  vestibulum, t h e r e  a r e  accumu

l a t i o n s  of s p e c i a l  nerve c e l l s .  One end of each of t h e s e  c e l l s  i s  narrow and 

ends i n  a s h o r t  h a i r  which poin t  i n t o  t h e  c a v i t y  of t h e  saccule .  Small calca

reous c r y s t a l s  rest on t h e  ends of these  h a i r s ;  they are c a l l e d  o t o l i t h s .  The 

nerve cel ls ,  h a i r s ,  and o t o l i t h s  form t h e  o t o l i t h i c  apparatus  (Figure 7 ) .  

-I 4 5  

When t h e  p o s i t i o n  of t h e  head o r  t h e  e n t i r e  body i s  changed, dur ing  -I 4 6  

v i b r a t i o n ,  a c c e l e r a t i o n ,  o r  d e c e l e r a t i o n  of l i n e a r  movement, t h e  o t o l i t h s  move 

and p r e s s  on t h e  f i b e r s  which have s e n s i t i v e  ce l l s  beneath them. This  causes 

formation of a chain of nerve impulses which run t o  t h e  medula oblongata and 

from t h e r e  t o  t h e  cerebellum and t h e  c e r e b r a l  cor tex .  Under t h e  inf luence  of 

these  impulses, r e f l e x e s  develop which change t h e  stress of s k e l e t a l  muscles 

and make i t  p o s s i b l e  t o  r e t a i n  normal p o s i t i o n  of t h e  body i n  space.  

Semicircular  canals  (Figure 8, a ,  b ) .  These are narrow and have t h e  

shape of semic i rc les  l o c a t e d  i n  t h r e e  mutually perpendicular  planes (Figure 8 ,  c ) .  

The c a v i t y  of t h e  channels i s  f i l l e d  wi th  l i q u i d  which moves dur ing  accelera

t i o n  o r  d e c e l e r a t i o n  of r o t a t i o n a l  movement. A s  i t  moves, t h e  l i q u i d  c r e a t e s  

a s t imula t ion  which i s  picked up by nerve c e l l s  on t h e  w a l l s  of t h e  expanded 

ends of t h e  cana ls .  I n  t h e s e  c e l l s ,  nerve impulses develop which t r a v e l  t o  
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Figure  7. Diagram of o t o l i t h  appara tus .  
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F igure  8. Diagram of v e s t i b u l a r  apparatus.  
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t h e  b r a i n .  I n  t h e  b r a i n ,  they set  o f f  a number of r e f l e x e s  which make i t  

p o s s i b l e  t o  form a so-called three-dimensional s e n s a t i o n ,  i .e.,  they help t o  

determine and r e t a i n  t h e  corresponding p o s i t i o n  of t h e  body i n  space.  

Disrupt ion of t h e  func t ion  of t h e  v e s t i b u l a r  appara tus  ( saccules  of t h e  

vestibulum and semic i rcu lar  canals)  may cause a f e e l i n g  of  d i z z i n e s s  and nausea 

and an  i n c o r r e c t  idea  of one's p o s i t i o n  i n  space. 

Normal opera t ion  of t h e  v e s t i b u l a r  analyzer  i s  e s p e c i a l l y  necessary f o r  -I47  
persons engaged i n  a i r c r a f t  work, s i n c e  t h e i r  a c t i v i t y  h a s  t o  do with frequent  

changes of t h e  body's p o s i t i o n  i n  space. 

The motor analyzer  is t h e  organ of muscle-joint sensa t ion .  It i s  of 

enormous importance f o r  performance and coordinat ion of movements, i n  the  

d e t e c t i o n  of t h e  body's p o s i t i o n  i n  space,  and t h e  development and r e t e n t i o n  

of c e r t a i n  muscle stress (muscle tone) .  

I n  changing t h e  stress of t h e  muscles, nerve endings are s t imulated which 

are loca ted  i n  t h e  muscles, tendons, l igaments,  and j o i n t s .  The s t imulus which 

arises as a r e s u l t  travels along t h e  nerve f i b e r s  t o  t h e  c e r e b r a l  cor tex  where 

a concept of t h e  body's p o s i t i o n  is  formed. 

Due t o  the  muscle-joint sensa t ion ,  a p i l o t  i s  a b l e  t o  develop t h e  a b i l i t y  

t o  determine the  magnitude of  t h e  forces  which a r e  required f o r  opera t ing  t h e  

c o n t r o l s  of t h e  a i r c r a f t .  

Touch ( t a c t i l e )  analyzer .  The func t ion  of t h e  touch ( t a c t i l e )  analyzer 

involves  determining t h e  n a t u r e  of t h e  sur face  of o b j e c t s  (smooth, rough, dry,  

w e t ) ,  t h e i r  shape, hardness ,  e l a s t i c i t y ,  s o f t n e s s ,  etc.  

Touch receptors  are loca ted  i n  t h e  s k i n  and are s t imulated by touch and 

pressure.  The s t imulus t h a t  develops along t h e  nerve f i b e r s  reaches the  s p i n a l  

cord and then t h e  c e r e b r a l  cor tex ,  where i t  forms corresponding impressions. 
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f * * 

As we C ~ Rsee from t h e  precedfng m a t e r i a l ,  i n  m a n  the func t ion  of o r i e n t 

i n g  t h e  position of t h e  body i n  space  is accomplished with t h e  a i d  of var ious  

analyzers .  O n l y  t h e  coordinated a c t i v i t y  of t h e  v i s u a l ,  v e s t i b u l a r ,  t a c t i l e  , 
aud i to ry  and odor ana lyze r s  will give him the  most complete information regard

i n g  s p a t i a l  r e l a t i o n s h i p s  of the  organism and t h e  medium. A c r i t i c a l  r o l e  i n  

t h i s  regard i s  played by the v i s u a l  analyzer .  

Eeat zmd co ld  a n d y z e r s .  The de tec t ion  of temperature of the  surrounding 

medium has t o  do w i t h  t h e  e f f e c t  of hea t  and cold,  r e spec t ive ly ,  on t he  h e a t  /48 
and cold r ecep to r s ,  l oca t ed  i n  t h e  s k i n  and mucous membranes. When these  recep

t o r s  are s t imula ted ,  nerve impulses a r e  formed which t r a v e l  through the  s p i n a l  

cord and reach the  c e r e b r a l  co r t ex  where they c r e a t e  impressions of hea t  o r  

cold.  

T a s t e  analyzer .  The pe r iphe ra l  po r t ion  of the  t a s t e  ana lyzer  c o n s i s t s  of 

buds which are locaked pr imar i ly  on the  su r face  of the  tongue. S t imula t ion  of 

t a s t e  buds i s  accomplished by chemical compounds which are d isso lved  i n  the  

s a l i v a .  The sensa t ion  which a r i s e s  i n  the  taste buds t r a v e l s  over t he  n e u r a l  con

ductors  t o  t h e  taste cen te r  i n  the  temporal region o f  t h e  c e r e b r a l  cor tex .  where 

d e t e c t i o n  of a s p e c i f i c  taste sensa t ion  i s  recorded. Man can taste four  primary 

tas te  sensa t ions :  s a l t y ,  ac id ,  sweet,  b i t t e r .  There i s  a l s o  such a th ing  as 

complex taste ( a f t e r t a s t e ) ,  which i s  a combination of  t h e  var ious  t a s t e s ,  as 

well as s m e l l  and other sensa t ions .  

me g l f a c t o r y  ana lyzer  p icks  up s m e l l s  of d i f f e r e n t  substances.  Its pe r i 

p h e r a l  po r t ion  is loca ted  i n  t h e  nasa l  cav i ty .  I n  t h e  mucous membrane of t h e  

nose, t h e r e  are o l f a c t o r y  c e l l s  which c o n s i s t  of ova l  bodies  wi th  two long 

processes .  One process  p icks  up t h e  s t i m u l i ,  while t h e  o the r  e n t e r s  t he  o l fac

t o r y  nerve and t r ansmi t s  t h e  stimuli t o  t h e  b ra in .  
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Respiratory System 

The organs of r e s p i r a t i o n  are designed f o r  gas exchange between t h e  

organism and t h e  atmospheric a i r ,  i .e. ,  f o r  providing t h e  organism wi th  oxygen 

and g e t t i n g  r i d  of carbon dioxide.  

The r e s p i r a t o r y  system c o n s i s t s  of t h e  r e s p i r a t o r y  t racts  and lungs 

(Figure 9) .  The r e s p i r a t o r y  tracts are made up of t h e  nose, pharynx, larynx,  

t rachea  and bronchi.  The lower end of  t h e  t rachea of t h e  r e s p i r a t o r y  t h r o a t  

d i v i d e s  i n t o  two bronchi ,  which pass  i n t o  t h e  r i g h t  and l e f t  lungs.  Within t h e  

lungs,  t h e  bronchi break down i n t o  very  f i n e  branches t h a t  terminate  i n  f i n e  

pulmonary vesicles o r  a l v e o l i .  The diameter of an a lveolus  i s  about 0.2 mm 

(Figure 10) .  Hence, t h e  lungs c o n s i s t  of a system of bronchi  and a l v e o l i ,  

c l o s e l y  in te r twined  wi th  blood vessels ( c a p i l l a r i e s )  . Diffus ion  of oxygen and 

carbon dioxide takes  p l a c e  i n  t h e  a l v e o l i .  

The lungs conta in  on t h e  average about 700 m i l l i o n  a l v e o l i ,  whose t o t a l  

s u r f a c e  adds up to  about 90 t o  120  m 2 . This a l lows rapid s a t u r a t i o n  of t h e  

blood wi th  oxygen and removal of carbon dioxide from it .  

The a i r  which is contained i n  t h e  lungs i s  cons tan t ly  being changed. This 

change occurs  during i n s p i r a t i o n  and expi ra t ion .  During i n s p i r a t i o n ,  due t o  

cont rac t ion  of t h e  i n t r a c o s t a l  muscles, the  volume of t h e  c h e s t  c a v i t y  increases ,  

expands, and t h e  lungs expand as w e l l ,  so t h a t  t h e  atmospheric a i r  rushes i n t o  

them through t h e  r e s p i r a t o r y  tracts.  During e x p i r a t i o n ,  t h e  oppos i te  process  

takes  place.  

An a d u l t  man i n  a s ta te  of rest takes  about 1 6  t o  18 b r e a t h s  per  minute. 

During work, t h e  frequency of r e s p i r a t i o n  i n c r e a s e s  t o  a degree which i n c r e a s e s  

wi th  t h e  s t renuousness  of t h e  phys ica l  stress. 

I n  t h e  ord inary  r e s t i n g  p o s i t i o n ,  each b r e a t h  drawn i n t o  t h e  lungs by a 

human being draws i n  about 500 m” of air .  This  a i r  i s  c a l l e d  r e s p i r a t o r y .  
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Figure 9 .  Human lung: 

1 - t rachea;  2 - r i g h t  bronchus; 
3 - bronchia l  tree; 4 - lung. 

Figure 10. Pulmonary a lveolus .  
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Following a q u i e t  i n s p i r a t i o n ,  a man can expel  (by s t r e s s i n g  h i s  resp i ra 

t o r y  musculature) an a d d i t i o n a l  1500 cm3 of a i r  on t h e  average. This a i r  is 

c a l l e d  supplemental. Following a q u i e t  expi ra t ion ,  a man can e x p i r e  a f u r t h e r  

1500 cm3 of a i r .  This  a i r  i s  c a l l e d  reserve. The max imum amount of a i r  which 

a man can e x p i r e  fol lowing t h e  deepest  i n s p i r a t i o n  i s  c a l l e d  t h e  v i t a l  capac i ty  
3of t h e  lungs.  I n  a d u l t  humans, t h i s  can reach 3,000 to 6,000 c m  , and sometimes 

more. The v i t a l c a p a c i t y o f  t h e  lungs i s  one of t h e  most important i n d i c a t o r s  

of t h e  phys ica l  development of t h e  i n d i v i d u a l  and can b e  increased as a r e s u l t  

o f  t r a i n i n g  t h e  r e s p i r a t o r y  musculature. 

Following t h e  deepest  p o s s i b l e  e x p i r a t i o n ,  about 1500 c m  3 of a i r  s t i l l  

remains i n  the  lungs.  This  i s  c a l l e d  r e s i d u a l .  Consequently, t h e  t o t a l  amount 

of a i r  i n  t h e  lungs i s  equal  t o  t h e  sum of t h e  v i t a l  capac i ty  and t h e  volume 

of r e s i d u a l  a i r .  

The exchange of  t h e  a i r  i n  the  lungs which takes  p l a c e  i n  t h e  process of 

r e s p i r a t i o n  i s  c a l l e d  pulmonary v e n t i l a t i o n .  I n  a s ta te  of rest, human lungs 

can c i r c u l a t e  6 t o  7 liters of a i r  per  minute. Pulmonary v e n t i l a t i o n  increases  /51 
with  an  i n c r e a s e  i n  p h y s i c a l  stress. I n  a p i l o t ,  i t  can i n c r e a s e  during f l i g h t  

i n  t h e  case of i n s u f f i c i e n t  oxygen o r  due t o  nervous and emotional stresses. 

During t h e  r e s p i r a t i o n  process ,  t h e r e  i s  d i f f u s e  exchange of gases between 

t h e  blood and t h e  a l v e o l a r  a i r  (Figure l l ) ,  which d i f f e r s  considerably from 

atmospheric i n  composition (Table 4 )  and p a r t i a l  gas p r e s s u r e  (Table 5 ) .  

On i n s p i r a t i o n ,  approximately two-thirds of t h e  a i r  reaches t h e  a l v e o l i  -I52 

and p a r t i c i p a t e s  i n  gas exchange, while  near ly  one-third remains i n  the  r e s p i 

r a t o r y  tracts. The space f i l l e d  by a i r  t h a t  does n o t  p a r t i c i p a t e  i n  t h e  gas 

exchange is c a l l e d  "dead space". I n  an a d u l t  man, t h e  volume of "dead space'' 

equals  140 t o  150 c m  3 . 

G a s  exchange between a l v e o l a r  a i r  and blood takes  p l a c e  through t h e  w a l l  

of t h e  alveolus .  The th ickness  of t h e s e  w a l l s  is i n s i g n i f i c a n t ,  approximately 
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To t i s s u e s
From lungs .& 

Figure 11. 

Atmospheric ( insp i red)  

Expired 

Alveolar  


A i r  

Dry atmospheric 
Alveolar  

* 
At sea level 

Oxygen 
taken up 

by ery throcytes  

i n  

Diagram of gas exchange i n  lungs and 
t i s s u e s .  

O 2  c02 N2 
r -- -~ 

20.93 0.03 78.03 

16.4 3.08 79.8 

14.5 5.6 79.9 


TABLE 5 

-~ .__.~ _ _ ~* 
P a r t i a l  p re s su re  (mm Hg)  

I 

N2 O 2  I H2° 

600 159 
573 100 1 47 

51 



four  microns. They c o n s i s t  of a s i n g l e  l a y e r  of e p i t h e l i a l  cel ls  and blood-

car ry ing  c a p i l l a r i e s .  

The t r a n s i t i o n  of t h e  oxygen from t h e  a l v e o l a r  air t o  t h e  blood and of 

carbon dioxide i n  the  oppos i te  d i r e c t i o n  is  explained by t h e  l a w  of d i f f u s i o n .  

According t o  t h i s  l a w ,  gas  always moves from t h e  medium where i t s  p a r t i a l  

p ressure  is g r e a t e r  t o  t h e  medium where it is  less. The p a r t i a l  p r e s s u r e  of 

oxygen i n  a l v e o l a r  a i r  i s  much higher  than i n  t h e  venous blood reaching t h e  

lungs. Therefore,  t h e  oxygen passes  i n t o  t h e  blood through t h e  w a l l s  of t h e  

a l v e o l i  and c a p i l l a r i e s .  I n  t u r n ,  t h e  carbon dioxide from t h e  venous blood 

(here  its p a r t i a l  p r e s s u r e  i s  g r e a t e r  than i n  t h e  a l v e o l a r  a i r )  moves i n t o  

t h e  a l v e o l i ,  and is excreted from t h e  organism during e x p i r a t i o n .  

The venous blood, a f t e r  g iv ing  up carbon dioxide i n  t h e  lungs and being 

enriched with oxygen, r e t u r n s  t o  t h e  arteries. Arr iving a t  t h e  h e a r t  from t h e  

lungs,  i t  i s  d i s t r i b u t e d  through a l l  of t h e  t i s s u e s  and cel ls  of t h e  body. 

An oxida t ion  process  i s  always i n  progress  i n  the t i s s u e s ,  so  t h a t  t h e  

oxygen i s  absorbed and carbon d ioxide  given o f f .  Hence, t h e  p a r t i a l  p r e s s u r e  

of oxygen i n  them is  low, whi le  t h e  carbon dioxide content  i s  high. The blood 

which has  passed through t h e  t i s s u e s  gives  up a p a r t  of i ts oxygen t o  them and 

is enriched wi th  carbon dioxide;  i t  then r e t u r n s  t o  t h e  v e i n s .  Moving through /53 
the v e i n s  of t h e  systemic c i r c u l a t i o n ,  i t  travels t o  t h e  r i g h t  h e a r t  and then  

i n t o  t h e  lungs,  where i t  aga in  becomes a r t e r i a l  blood. 

Ci rcu la tory  System 

The blood provides  t h e  cells  wi th  n u t r i e n t  substances and oxygen; i t  

removes t h e  products  of metabolism, formed as a r e s u l t  of t h e  v i t a l  a c t i v i t y  of 

cells; i t  maintains  connection between t h e  organs,  t r a n s p o r t i n g  t h e  sub

s t a n c e s  which they excre te .  It p lays  an important r o l e  i n  p r o t e c t i n g  t h e  

organism a g a i n s t  t h e  b a c t e r i a  t h a t  cause var ious  d i s e a s e s .  
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An extremely sharp change i n  t h e  composition and p r o p e r t i e s  of t h e  blood, 

f o r  whatever reason, l e a d s  t o  a d i f f e r e n t  type of d i s turbance  i n  t h e  organism. 

The weight of t h e  blood i n  t h e  human organism is equal  t o  about 1/13 of 

t h e  body weight. This means t h a t  an  a d u l t  man weighing about 70 kg w i l l  have 

5 - 6 liters of blood. The blood c o n s i s t s  of a l i q u i d  p o r t i o n  (plasma) and 

formed elements ( c e l l s )  of. t h e  following types (Figure 3) : ery throcytes  (red 

blood c e l l s ) ,  leucocytes  (white blood c e l l s )  and thrombocytes (blood p l a t e l e t s ) .  

The e ry throcytes  are enuclea te  cel ls  s i m i l a r  i n  form t o  biconcave d i s k s  

wi th  a diameter of approximately e i g h t  microns and a th ickness  of about two 

microns. One mm 3 of blood from an a d u l t  human being conta ins  4 . 5  t o  5 m i l l i o n  

e ry throcytes .  This q u a n t i t y  may i n c r e a s e  o r  decrease depending on t h e  s ta te  

of t h e  organism. 

The phys io logica l  r o l e  of t h e  e ry throcytes  i s  determined by t h e  presence 

of hemoglobin i n  t h e i r  composition. Hemoglobin i s  a combination of p r o t e i n  

w i t h  heme, the  p r i n c i p a l  co lor ing  agent  whose composition inc ludes  i r o n .  Hemo

globin  has  t h e  a b i l i t y  t o  bind oxygen e n e r g e t i c a l l y .  A s  blood passes  through 

t h e  c a p i l l a r i e s  of t h e  lungs,  an u n s t a b l e  chemical compound of hemoglobin and 

oxygen c a l l e d  oxyhemoglobin i s  formed. 

The e ry throcytes  absorb oxygen through t h e i r  s u r f a c e s  and car ry  i t  from 

t h e  lungs t o  the  t i s s u e s .  Consequently, the  g r e a t e r  t h e  t o t a l  sur face  of t h e  

e ry throcytes  (" resp i ra tory  sur face") ,  t h e  b e t t e r  and f a s t e r  t h e  process of gas 

exchange i n  lungs and t i s s u e s  w i l l  proceed. A t  s m a l l  s i z e s  (but  l a r g e  numbers) /55 
of e ry throcytes ,  t h e i r  area of " r e s p i r a t o r y  surface" w i l l  be  very l a r g e .  

Leucocytes are c o l o r l e s s  o r  white ,  possess a nucleus and are c e l l s  t h a t  

measure 7 - 15 microns. I n  1 mm 3 of blood from a normal a d u l t ,  t h e r e  a r e  

6,000 t o  8,000 leucocytes .  Their  number may i n c r e a s e  o r  decrease depending on 

t h e  s t a t e  of t h e  i n d i v i d u a l .  I n  t h e  phys io logica l  scheme, leucocytes  perform 

a p r o t e c t i v e  func t ion  i n  t h e  organism - they des t roy  germs t h a t  e n t e r  t h e  

blood and t i s s u e s .  
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Thrombocytes (blood p l a t e l e t s )  are extremely s m a l l  cells .  One mm 3 of 

blood conta ins  from 100,000 t o  250,000 thrombocytes. I n  case vessels should 

break and hemorrhaging takes  p lace ,  t h e  thrombocytes are t h e  c e n t e r s  around 

which c l o t t i n g  of t h e  blood begins.  

Blood c i r c u l a t i o n .  Blood is i n  constant  motion. Cessat ion of i ts  move

ment w i l l  cause death,  s i n c e  a l l  organs and e s p e c i a l l y  t h e  b r a i n  are very 

s e n s i t i v e  t o  oxygen def ic iency  and a lack  of n u t r i e n t  substances.  Cont inui ty  

of blood flow is  maintained by t h e  c i r c u l a t o r y  system, which c o n s i s t s  of t h e  

h e a r t  and blood v e s s e l s .  

The h e a r t  (Figure 12) i s  a hollow organ made p r i m a r i l y  of muscle t i s s u e .  

The h e a r t  may b e  compared wi th  a pump, which f o r c e s  blood i n t o  t h e  arteries a t  

c e r t a i n  i n t e r v a l s  and imparts t o  i t  a c e r t a i n  v e l o c i t y .  The c a v i t y  of t h e  

h e a r t  is divided by a continuous septum i n t o  two ha lves ,  t h e  r i g h t  and t h e  l e f t .  

Each h a l f  c o n s i s t s  of two s i m i l a r  p a r t s ,  t h e  v e n t r i c l e  and a u r i c l e .  Hence, 

t h e  h e a r t  has  four  chambers: t h e  r i g h t  a u r i c l e  and r i g h t  v e n t r i c l e ,  l e f t  

a u r i c l e  and l e f t  v e n t r i c l e .  

The blood v e s s e l s  inc lude  the arteries,  v e i n s  and c a p i l l a r i e s  (Figure 13). 

The blood travels through t h e  arteries t o  a l l  of t h e  organs and t i s s u e s  

a f t e r  i t  has  been enriched wi th  oxygen and n u t r i e n t  substances from t h e  h e a r t ;  

i t  t r a v e l s  i n  t h e  oppos i te  d i r e c t i o n  through t h e  v e i n s ,  from t h e  organs and 

t i s s u e s  t o  t h e  hear t .  Venous blood i s  poor i n  oxygen and n u t r i e n t  substances.  

The c a p i l l a r i e s  are very  f i n e  vessels which connect t h e  small  arteries 

w i t h  t h e  smallest ve ins .  The length  of t h e  c a p i l l a r i e s  i s  0.5 mm, whi le  t h e i r  

diameter i s  0.008 t o  0.01 m. Exchange of substances and gases between t h e  

blood and t h e  cells  of t h e  body takes  p lace  through t h e i r  wal l s .  The blood 

c i r c u l a t e s  i n  t h e  organism through t h e  g r e a t e r  and lesser c i r c u l a t i o n s .  

The g r e a t e r  c i r c u l a t i o n  (Figure 1 4 ) .  When the  h e a r t  m u s c l e  c o n t r a c t s ,  

t h e  blood is  forced out  of t h e  l e f t  v e n t r i c l e  (where t h e  g r e a t e r  c i r c u l a t i o n  
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Figure 1 2 .  Heart:  

1 - r i g h t  pulmonary a r t e r y ;  2 - brachicephal ic  ve ins ;  
3 - brachicephal ic  trunk; 4 - l e f t  common c a r o t i d  a r t e r y ;  
5 - l e f t  subc lav icu la r  a r t e r y ;  6 - a r c h  of t h e  a o r t a ;  
7 - l e f t  a u r i c l e ;  8 - l e f t  pulmonary a r t e r y ;  9 - pulmonary 
veins;  10  - valves  of t h e  a o r t a ;  11 - m i t r a l  va lve ;  
1 2  - tendinous threads ;  13  - muscle l a y e r  of t h e  h e a r t ;  
1 4  - l e f t  v e n t r i c l e ;  15 - ca rd iac  septum; 16 - apex of t h e  
h e a r t ;  1 7  - a o r t a ;  18 - r i g h t  v e n t r i c l e ;  19 - i n f e r i o r  
vena cava; 20 - t r i c u s p i d  va lve ;  2 1  - r i g h t  a u r i c l e ;  22 -
supe r io r  vena cava; 23 - r i g h t  pulmonary ve ins .  
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Figure 13. Blood vessels: 

1 - s u p e r f i c i a l  temporal a r t e r y ;  
2 - f a c i a l  a r t e r y ;  3 - l e f t  common 
c a r o t i d  a r t e r y ;  4 - brachiocephal ic  
trunk; 5 - subclav icu lar  a r t e r y ;  
6 - s u b a x i l l a r y  a r t e r y ;  7 - t h o r a c i c  
a o r t a ;  8 - splanchnic  t runk;  
9 - b r a c h i a l  a r t e r y ;  10 - s p l e n i c  
a r t e r y ;  11 - super ior  mesenteric a r t e r y ;  
1 2  - i n f e r i o r  mesenteric a r t e r y ;  
13 - abdominal a o r t a ;  14 - r a d i a l  
a r t e r y ;  15  - e x t e r n a l  i l i a c  a r t e r y ;  
16 - c u b i t a l  a r t e r y ;  17 - i n t e r n a l  
spermatic  o r  ovar ian  a r t e r y ;  18 -
i n t e r n a l  i l i a c  a r t e r y ;  19 - palmar  
a r t e r i a l  a r c s ;  20 - e x t e r n a l  i l i a c  
a r t e r y ;  21 - d i g i t a l  a r t e r i e s ;  22 -
femoral a r t e r y ;  23 - p o p l i t e a l  a r t e r y ;  
24 - a n t e r i o r  t i b i a l  a r t e r y ;  25 -
p o s t e r i o r  t i b i a l  a r t e r y ;  26 - common 
i l i a c  a r t e r y ;  27 - i n f e r i o r  vena cava; 
28 - vena porta;  29 - vena hepat ica;  
30 - s u p e r i o r  vena cava; 31 - r i g h t  
brachiocephal ic  ve in ;  32 - vena sub
c l a v i a ;  33 - vena j u g u l a r i s  i n t e r n a .  

56 



begins) i n t o  t h e  l a r g e s t  a r te r ia l  

v e s s e l ,  t h e  a o r t a ,  from which i t  

flows along the network of arteries 

t o  a l l  t i s s u e s  and organs of t h e  body. 

A f t e r  giving up i ts  oxygen and n u t r i 

e n t  substances t o  t h e  t i s s u e s ,  t h e  

blood r e t u r n s  a long t h e  ve ins  t o  t h e  

r i g h t  a u r i c l e .  This  i s  where t h e  

g r e a t e r  c i r c u l a t i o n  ends. 

The lesser c i r c u l a t i o n .  From 

t h e  r i g h t  a u r i c l e  (beginning of t h e  

c i r c u i t )  t h e  blood passes  i n t o  t h e  

r i g h t  v e n t r i c l e  and then i n t o  t h e  

pulmonary a r t e r y .  It is  divided i n t o  

branches which s p l i t  i n t o  a g r e a t  

many c a p i l l a r i e s ,  t h i c k l y  interwoven 

Figure 14. Diagram of t h e  c i r c u l a t i o n .  	
with t h e  pulmonary a l v e o l i .  From 

t h e  c a p i l l a r i e s ,  t h e  blood f i r s t  runs 

through s m a l l  and then l a r g e r  ve ins  

t o  the l e f t  a u r i c l e  (end of t h e  

c i r c u i t ) .  Out of a l l  t h e  arteries,  i t  i s  only i n  the  pulmonary a r t e r y  t h a t  

t h e  blood i s  n o t  a r t e r i a l  bu t  venous. I n  t h e  pulmonary v e i n s ,  however, on 

t h e  o ther  hand, t h e  blood i s  a r t e r i a l .  

I n  t h e  lungs,  gas exchange takes  p lace  through t h e  w a l l s  of t h e  a l v e o l i  

and c a p i l l a r i e s  between t h e  blood and t h e  a l v e o l i  a i r .  The required r a t e  o f  

movement of t h e  blood through t h e  vessels i s  maintained by t h e  work of t h e  

h e a r t .  The h e a r t  o f  an a d u l t  c o n t r a c t s  on t h e  average 60 t o  80 t i m e s  per 

minute. The maximum rate  of movement of t h e  blood i n  t h e  a o r t a  i s  about 0.5 m /58 
per second, and i n  t h e  c a p i l l a r i e s  - 0.5 mm per  second, i . e . ,  1000 times 

less. The t o t a l  l ength  of t h e  c a p i l l a r i e s  i n  the  human body i s  100,000 km. 
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The volume of blood expel led  by t h e  h e a r t  i n  one c o n t r a c t i o n  i s  c a l l e d  

t h e  pulse  volume, while  t h a t  t ranspor ted  i n  one minute is  t h e  minute volume. 

I n  t h e  case of a h e a l t h y  man i n  a r e s t i n g  p o s i t i o n ,  t h e  p u l s e  volume of each 

v e n t r i c l e  is  equal  t o  70 c m  3 on t h e  average, whi le  t h e  minute volume i s  f i v e  

liters. Consequently, i n  t h e  course of an  hour t h e  h e a r t  w i l l  c o n t r a c t  t o  

propel  about 300 l i ters of blood. A s  t h e  p h y s i c a l  load i n c r e a s e s ,  t h e  h e a r t  

i n c r e a s e s  its work: t h e  c a r d i a c  c o n t r a c t i o n s  become more f requent  and t h e  

p u l s e  volume of blood increases .  

Support-Motor System 

The ske le ton  carries out  support ing and p r o t e c t i v e  func t ions  ( f o r  t h e  

i n t e r n a l  organs) and forms t h e  supporting-motor system of man toge ther  with 

t h e  muscles. 

The human s k e l e t o n  (Figure 15) c o n s i s t s  of more than 200 bones and i s  

u s u a l l y  divided i n t o  t h e  following p a r t s :  s k u l l ,  s p i n a l  column, r i b  cage, 

p e l v i s ,  upper and lower ex t remi t ies .  Each p a r t  c o n s i s t s  of s e v e r a l  bones 

which are f i rmly ,  semi-permanently and movably l inked toge ther .  

The s k u l l  is t h e  bony foundation of t h e  head, made up of 23 bones. There 

are two p r i n c i p a l  p a r t s  of t h e  s k u l l ,  the  c e r e b r a l  and facial .  The c e r e b r a l  

p o r t i o n  i s  t h e  bony c a v i t y  formed by t h e  f r o n t a l ,  temporal, b a s a l  and o c c i p i t a l  

bones; t h e  f a c i a l  s e c t i o n  i s  made up of t h e  f r o n t a l ,  s u p e r i o r  and i n f e r i o r  

m a x i l l a r i e s ,  t h e  n a s a l  bone and o t h e r s .  The bones of t h e  s k u l l  are connected 

toge ther  firmly. The s k u l l  p r o t e c t s  t h e  b r a i n  a g a i n s t  e x t e r n a l  in f luences  

(mechanical, temperature,  and s o  on).  

The s p i n a l  column c o n s i s t s  of 33 ver tebrae ,  l inked toge ther  by c a r t i l a g e  

and l igaments which allow t h e  v e r t e b r a e  a c e r t a i n  amount of f l e x i b i l i t y .  It 

f u l f i l l s  a p r o t e c t i v e  func t ion  with r e s p e c t  t o  t h e  s p i n a l  cord and is  a l s o  

t h e  p r i n c i p a l  support  f o r  t h e  t runk,  the  b a s i s  of t h e  ske le ton .  
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Figure 15. Human ske le ton .  

The r i b  cage i s  formed by t h e  

r i b s ,  t h e  c h e s t  p o r t i o n  of t h e  s p i n a l  

column and t h e  sternum. The connec

t i o n s  between t h e  bones a r e  movable t o  

a c e r t a i n  e x t e n t ,  which i s  made p o s s i b l e  

by t h e  mobi l i ty  of t h e  e n t i r e  c h e s t  

cage and t h e  p o s s i b i l i t y  of car ry ing  

out  r e s p i r a t o r y  movements. The r i b  

cage, having a support  funct ion,  

simultaneously p r o t e c t s  t h e  h e a r t  and 

lungs a g a i n s t  e x t e r n a l  inf luences.  

The p e l v i s ,  composed of s e v e r a l  

bones, s e r v e s  a s  a support  f o r  t h e  

organs of t h e  abdominal c a v i t y  and as 

a cingulum f o r  t h e  lower e x t r e m i t i e s .  

The bones which form t h e  upper and 

lower e x t r e m i t i e s  a r e  levers of a 

s o r t ,  which a r e  se t  i n  motion by t h e  

muscles. The bones of t h e  e x t r e m i t i e s  

are connected toge ther  by movable 

connections c a l l e d  j o i n t s .  The major

i t y  of j o i n t s  a r e  surrounded o r  

re inforced  by l igaments,  which hold 

t h e  j o i n t e d  bones i n  contact  and l i m i t  

t h e i r  degree of movement. The l i g a 

ments possess  considerable  mechanical 

s t r e n g t h  and a c e r t a i n  degree of 

e l a s t i c i t y .  Ligaments are u s u a l l y  

found i n  t h e  bursae of t h e  j o i n t s .  

The s t r o n g e s t  l igaments are found i n  

t h e  coxofemoral, genual,  and u l n a r  

j o i n t s  and i n  t h e  ver tebrae .  
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Every movement made by a human being i s  t h e  r e s u l t  of t h e  opera t ion  of 

muscles which a r e  fas tened  t o  t h e  bones by means of tendons. When they con

tract ,  t h e  muscles perform mechanical work. The source of  energy f o r  t h e  

cont rac t ion  of muscles is complex organic  substances ( p r o t e i n s ,  f a t s  and carbo

hydra tes ) ,  which are broken down wi th  t h e  necessary p a r t i c i p a t i o n  of oxygen. 

Oxygen and t h e  required organic  substances are brought t o  t h e  muscles by t h e  

blood. 

The s t imulus which causes muscle a c t i v i t y  reaches them by way of c e n t r i 

f u g a l  nerves from t h e  c e n t r a l  nervous system. I n  t h e  c e n t r a l  nervous system, 

i t  a r i s e s  due t o  s t i m u l a t i o n  of t h e  endings of t h e  c e n t r i p e t a l  nerves which 

are loca ted  i n  t h e  s k i n ,  muscles, tendons and o ther  organs,  o r  t h e  a r r i v a l  of 

"primary " cent ra  1 impulses . 

Organs of Excre t iog  

The organs of excre t ion  i n  man inc lude  t h e  kidneys,  u r e t e r s  and t h e  lower 

s e c t i o n s  of t h e  i n t e s t i n e .  To some e x t e n t ,  t h e  s k i n  and lungs have excre tory  

func t ions .  These organs e l imina te  from t h e  human organism t h e  f i n a l  and 

unnecessary products of metabolism: w a t e r ,  carbon dioxide,  s a l t s ,  u rea ,  etc.  

The breakdown products  of e ry throcytes ,  b i l e  pigments, are excreted 

through t h e  i n t e s t i n e ,  as are calcium, phosphate which i s  i n s o l u b l e  i n  w a t e r ,  

and c e r t a i n  compounds of i r o n  which a r e  undigested and unassimilated n u t r i e n t  

substances.  Through t h e  lungs,  carbon dioxide and t o  some e x t e n t . w a t e r  a r e  

excreted.  Products of decay which a r e  s o l u b l e  i n  w a t e r  are excreted through 

t h e  kidneys (Figure 1 6 )  i n  t h e  form of u r i n e  and through t h e  s w e a t  glands i n  

t h e  s k i n  i n  t h e  form of p e r s p i r a t i o n .  

The amount of u r i n e  excreted by man i s  not  uniform. It depends on t h e  

amount of l i q u i d  drunk, t h e  n a t u r e  of t h e  d r i n k ,  t h e  c l imate  and t h e  phys ica l  

stress. On t h e  average, t h e  kidneys each day e x c r e t e  about 1-112 liters of 
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Figure 16. 	 Diagram of excre tory  
organs : 

1 - kidney; 2 - a o r t a  and i n f e r i o r  
vena cava; 3 - u r e t e r ;  4 - u r i n a r y  
bladder .  

u r i n e  which contains  up t o  60 g of 

var ious  sal ts  of organic  and inorganic  

o r i g i n .  Any d i s r u p t i o n  of t h e  a c t i v i t y  

of t h e  kidneys may l e a d  t o  r e t e n t i o n  of 

substances i n  t h e  blood which are harm

f u l  and even dangerous t o  t h e  organism. 

The s w e a t  glands i n  t h e  s k i n  

(Figure 17) are long narrow tubules  

which are co i led  i n t o  b a l l s  l o c a t e d  i n  

t h e  subcutaneous f a t t y  l a y e r .  They open 

i n  t h e  form of pores on t h e  s u r f a c e  of 

t h e  s k i n .  These glands a r e  d i s t r i b u t e d  

non-uniformly over t h e  s u r f a c e  of t h e  

body. The l a r g e s t  numbers of them are 

i n  the  a x i l l a r y  and i n g u i n a l  areas and 

on the  palms and f e e t .  

I n  t h e  course of a day, t h e  s w e a t  

glands e x c r e t e  about 0.4 - 0.6 l i t e r  

of water  and up t o  10 g of var ious  
substances,  p r imar i ly  sa l ts .  During 

severe muscular work and high tempera

t u r e  of t h e  ambient a i r ,  excre t ion  of 

sweat increases  sharply and may reach s e v e r a l  l i ters  p e r  hour.  Sweating p lays  

an important r o l e  i n  t h e  temperature r e g u l a t i o n  of t h e  organism with a change 

i n  t h e  temperature regime of  t h e  surrounding medium. Approximately 600 t o  

750 g of carbon dioxide and up t o  0.4 l i ters of a i r  a r e  excreted through t h e  

lungs i n  t h e  course of a day from t h e  organism. 

Diges t ive  S y s t e m  

The d i g e s t i v e  system (Figure 18) inc ludes  t h e  following: o r a l  c a v i t y  

(tongue, t e e t h ,  s a l i v a r y  glands,  e t c . ) ,  pharynx, esophagus, stomach, l i v e r  

and pancreas. 
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Figure 1 7 .  Diagram of s k i n  s t r u c t u r e :  

1 - h a i r  s h a f t ;  2 - epidermis; 3 - h a i r ;  4 - sebaceous 

gland; 5 - s k i n  proper;  6 - e x t e r n a l  r a d i c a l  vagina; 

7 - h a i r  r o o t ;  8 - s w e a t  gland; 9 - h a i r  bulb; 

10 - h a i r  p a p i l l a ;  11 - cutaneous a r t e r y ;  1 2  - cutaneous 

vein; 13, 15, 1 7  - nerve endings; 14 - f a t t y  t i s s u e ;  

16 - growth l a y e r ;  18 - c a p i l l a r i e s .  
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Figure  18. I n t e r n a l  organs : 

1 - t h r o a t ;  2 - t rachea ;  3 - a o r t a ;  4 - lung; 
5 - h e a r t ;  6 - diaphragm; 7 - l iver;  8 - stomach; 
9 - i n t e s t i n e ;  10 - u r i n a r y  bladder .  
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The food products used by man conta in  d i f f e r e n t  amounts of n u t r i e n t  

substances - p r o t e i n s ,  f a t s  and carbohydrates,  as w e l l  as mineral  s a l t s  and 

vi tamins.  Nut r ien t  substances are used i n  t h e  formation of new c e l l s  and 

s e r v e  a s  an energy source f o r  t h e  v i t a l  a c t i v i t y  of t h e  organism. However, 

i n  order  t h a t  these  substances may b e  used by t h e  ce l l s  of t h e  organism, they 

must b e  converted i n  an appropr ia te  fashion;  t h i s  is done by t h e  d i g e s t i v e  -I 6 4  
organs. I n  the  course of d i g e s t i o n ,  complex organic  products  are broken down 

i n t o  s impler  ones e a s i l y  ass imi la ted  by t h e  c e l l s .  

I n  t h e  d i g e s t i v e  t r a c t ,  two processes  take  p lace :  (1) p h y s i c a l  and 

chemical changes i n  t h e  food - diges t ion ;  (2) absorp t ion  of t h e  products of 

t h i s  breaking up, formed as a r e s u l t  of these changes. 

The phys ica l  changes i n  t h e  food c o n s i s t  i n  t h e  gr inding  up and s o l u t i o n  

of  i t s  component p a r t s ,  while  t h e  chemical changes involve breaking down com

plex  substances i n t o  s imple ones. P r o t e i n s  are broken down i n t o  amino a c i d s ,  

f a t s  i n t o  g lycer ine  and f a t t y  a c i d s ,  and carbohydrates (sugar ,  s t a r c h )  are 

broken down i n t o  s impler  sugars  - glucose,  f r u c t o s e ,  g a l a c t o s e  and so on. 

The e n t i r e  complicated process  of d i g e s t i o n  takes  p l a c e  under t h e  

inf luence  of so-called enzymes, which a c c e l e r a t e  the  chemical r e a c t i o n s  i n  

t h e  organism many fo ld .  

The process  of absorp t ion  i s  t h e  process  of g e t t i n g  t h e  f i n a l  products 

of breakdown of n u t r i e n t  substances i n t o  t h e  blood. The blood carries them 

a l l  through t h e  e n t i r e  organism, whose ce l l s  absorb t h e  substances they 

r e q u i r e - The undigested p o r t i o n s  of t h e  food pass  i n t o  t h e  s m a l l  i n t e s t i n e  

and then i n t o  t h e  l a r g e  i n t e s t i n e  and then  are excre ted  f rom. the  organism. 
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The processes  of d i g e s t i o n  and absorp t ion  involve a considerable  i n c r e a s e  

i n  t h e  i n t e n s i t y  of t h e  work of a l l  organs i n  the  d i g e s t i v e  system and are 

accompanied by an increased use  of oxygen. Therefore,  t h e  blood supply t o  

t h e  organs and systems which are n o t  involved i n  d iges t ion ,  inc luding  t h e  

c e n t r a l  nervous system, decreases  a t  t h i s  t i m e .  
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CHAPTER IV 


INFLUENCE OF HIGH-ALTITUDE FLIGHT ON THE HUMAN ORGANISM 

Flinhts and__High-Altitude. . . .  Oxygen Starvation 

High-altitude flights are one of the most complicated forms of activity 
performed by the members of the Air Force and impose considerable nervous, E65 
emotional and physical stresses. 

High-altitude flights are those which are carried out above 4,000 m. At 
these altitudes, the partial pressure of oxygen in the atmospheric air decreases 

and becomes insufficient for maintenance of normal vital activity of the organ
ism. In addition, during a high-altitude flight, the individual may be subjected 

to the unfavorable influence of  reduced barometric pressure and sharp drops in 
the latter, low air temperature, change in the conditions of visual orientation 
as well as more intensive radiation. 

Ensuring the safety of high-altitude flights involves solving many com


plicated medical problems, especially the problems of protecting the individual 


against the unfavorable influence of reduced atmospheric pressure and the 


related factor of oxygen starvation of the organism. 


Oxygen starvation may occur in case of an emergency in flight, for example, 


in case of cabin decompression at high altitudes, damage, failure or incorrect 


operation of onboard oxygen apparatus. 


The pilot must know the reasons, the nature of the occurrence and the -I 6 6  

possible consequences of  oxygen starvation, and must also be familiar with the 

methods and means of preventing it. 
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The inf luence  of oxygen s t a r v a t i o n  on the human organism i s  s tudied  

pr imar i ly  i n  barochambers and i n  f l i g h t s .  The s tudy of t h e  inf luence  of 

reduced barometr ic  pressure  on t h e  human organism began w i t h  a s c e n t s  made on 

high mountains. The unusual p a i n f u l  s t a t e  which occurs i n  man when he ascends 

t o  high mountains w a s  c a l l e d  "mountain sickness".  It is  u s u a l l y  accompanied 

by muscular weakness, exhaustion, headache, d i z z i n e s s ,  f a t i g u e ,  n a s a l  

hemorrhaging, and l o s s  of consciousness.  

With t h e  development of aeronaut ics  and a v i a t i o n ,  f l i g h t  a l t i t u d e  nnd 

r a t e  of climb increased r a p i d l y .  It was found t h a t  phenomena w e r e  observed 

on board a ba l loon  o r  an  a i r c r a f t  a s  i t  gained a l t i t u d e  t h a t  w e r e  reminiscent  

of mountain s ickness .  

During exposure of man t o  reduced barometric pressure ,  a number of d i s 

rupt ions  t o  func t ions  of i n d i v i d u a l  organs and t h e  organism a s  a whole t a k e  

place. The p r i n c i p a l  r o l e  i n  t h i s  regard i s  not  played by t h e  reduced baro

metric pressure  of t h e  a i r ,  but  by t h e  reduced p a r t i a l  p ressure  of oxygen i n  

t h e  i n s p i r e d  a i r .  

With normal atmospheric pressure  (760 mm Hg), which corresponds t o  a 

p a r t i a l  p ressure  of oxygen of 159 mm Hg i n  t h e  c a p i l l a r i e s  of t h e i r  lungs,  

hea l thy  i n d i v i d u a l s  w i l l  have blood which i s  s a t u r a t e d  t o  a s u f f i c i e n t  degree 

with oxygen and which reaches t h e i r  t i s s u e s  i n  t h e  required amounts. While 

a t  s e a  l e v e l  t h e  s a t u r a t i o n  of t h e  blood wi th  oxygen reaches 96 - 98%, a t  

a l t i t u d e s  of 3,000, 4,000,  5,000 and 6,000 m t h e  va lue  i s  90, 85, 80 and 75%, 

respec t ive ly .  

The degree of s a t u r a t i o n  of t h e  blood w i t h  oxygen depends on t h e  p a r t i a l  

p ressure  of t h e  oxygen i n  t h e  a l v e o l a r  a i r :  t h e  higher  i t  is ,  t h e  b e t t e r  and 

more completely t h e  process  of s a t u r a t i o n  proceeds. The p a r t i a l  p ressure  of 

t h e  oxygen i n  t h e  a l v e o l a r  a i r  i n c r e a s e s  with an  i n c r e a s e  i n  i t s  p a r t i a l  

p ressure  i n  t h e  atmosphere. 
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TABLE 6 


-. . .. .~ . - .  

Barometric 
I 
Partial Pressure Of O 2 , m  Hg 

Altitude,m - Hg 
~ 

air - air 

0 760 159 103 
1 000 674.12 141 90 
2 000 596.28 125 79 
3 000 525,98 110 69 
4 000 462.46 98 60 
5 000 405,37 85 52 
6 000 354.13 74 44 
7 000 308.26 64 38 
8 000 267.38 56 32 
9 000 230.95 48 26 

10 000 198.70 41 22 
11 000 170.19 36 18 
12 000 145.44 30 14 
13 000 124.30 26 11 
14 000 106924 22 8 
15 000 90.81 19 6 
16 000 77.616 16 3 
17 000 66,350 14 0 

-18 000 56.719 12 
-19 000 48,489 10 
-20 OOO 41 -455 8 ,7 -21 000 35,443 7.4 

22 000 30,305 6 03 -
-23 000 25.912 5,4 

24 OW 22,158 496 -
-25 000 18,948 3.9 

26 000 16.219 3.4 -
-27 000 13,910 209 -28 000 1 1.959 2.5 -29 000 10,295 2.2 -30 000 8,878 1.9 
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Data on t h e  change i n  t h e  t o t a l  barometric pressure  as w e l l  as t h e  

p a r t i a l  p ressure  of oxygen i n  t h e  atmosphere ( insp i red  a i r )  and a l v e o l a r  a i r  

w i t h  a ga in  i n  a l t i t u d e  are shown i n  Table 6 .  

S e n s i t i v i t y  of var ious  organisms and t i s s u e s  of t h e  organism t o  a l a c k  

of oxygen is d i f f e r e n t .  For example, t h e  bony and c a r t i l a g i n o u s  t i s s u e ,  as 

w e l l  as smooth muscles, can r e t a i n  t h e i r  v i t a l  a c t i v i t i e s  f o r  a long per iod of  

t i m e  w i t h  s i g n i f i c a n t  oxygen i n s u f f i c i e n c y .  The maximum s e n s i t i v i t y  i n  t h i s  

regard i s  displayed by t h e  c e n t r a l  nervous system, e s p e c i a l l y  t h e  c e r e b r a l  

c o r t e x  and t h e  cerebellum. Within 2 - 3 min following t o t a l  i n t e r r u p t i o n  

of t h e  oxygen supply t o  t h e  c e r e b r a l  cor tex ,  i r r e v e r s i b l e  changes t a k e  p lace  

and t h e  ce l l s  d i e .  

The degree of oxygen s t a r v a t i o n  depends on t h e  he ight  of ascent ,  t i m e  

spent  a t  t h e  high a l t i t u d e ,  and t h e  condi t ion  and i n d i v i d u a l  c h a r a c t e r i s t i c s  

of t h e  organism. I n  e l d e r l y  and s i c k  people,  oxygen s t a r v a t i o n  begins  a t  

lower a l t i t u d e s  than f o r  young people and hea l thy  ones. 

A l t i t u d e  Sickness 

The concept of " a l t i t u d e  s ickness"  combines a number of f u n c t i o n a l  

d e f e c t s  i n  t h e  organism, e s p e c i a l l y  i n  t h e  c e n t r a l  nervous system, which occur 

under condi t ions of oxygen s t a r v a t i o n .  

C h a r a c t e r i s t i c  f e a t u r e s  of a l t i t u d e  s ickness  a r e  t h e  following: 

i n i t i a l l y  t h e r e  i s  an exc i ted  s ta te  and an  u p l i f t i n g  of s p i r i t s ,  followed by 

a f e e l i n g  of warmth i n  t h e  f a c e  and a flow of blood t o  the  head, dyspnea, 

headache, nausea, weakness, somnolence, i n d i f f e r e n c e  t o  surrounding events ,  

d i s r u p t i o n  of a t t e n t i o n ,  slowing down of response r e a c t i o n s  t o  e x t e r n a l  

s t i m u l i ,  d i f f i c u l t y  i n  car ry ing  o u t  counting opera t ions ,  decrease i n  working 

a b i l i t y ,  d i s r u p t i o n  of f i n e  coordinated movements and handwriting (Figure 19) ,  

a f e e l i n g  of cold i n  t h e  e x t r e m i t i e s ,  paleness  o r  blueness  of t h e  cutaneous 

coverings , d i z z i n e s s  , nausea,  and sometimes vomiting. In s e r i o u s  cases  , 
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Figure 19 .  Change i n  handwriting w i t h  a l t i t u d e .  

l o s s  of consciousness occurs ,  and i f  measures are not  taken depth may ensue 

from p a r a l y s i s  of t he  r e s p i r a t o r y  cen te r .  

I f  an ind iv idua l  making an ascent  does no t  use  oxygen appara tus  o r  f o r  

some reason t h e  supply of oxygen i s  c u t  o f f ,  t h e  f i r s t  s igns  of a l t i t u d e  

sickness sometimes appear  as e a r l y  as 2500 - 3000 m. A t  4000 - 4500 m y  these  

symptoms become q u i t e  pronounced i n  most people.  A s  i nd ica t ed  by experience 

wi th  "ascents" i n  a barochamber, a s t a y  a t  a n  a l t i t u d e  of 5000 m and r e sp i r a 

t i o n  f o r  t he  f i r s t  30 minutes of atmospheric a i r  i n  c e r t a i n  hea l thy  persons -I 6 9  

may cause the  development of a l t i t u d e  s i ckness  i n  a se r ious  form, making i t  

necessary t o  "descend" t o  a lower a l t i t u d e  o r  t o  s top  the  tes t .  A t  an a l t i 

tude of 6000 m y  an a l t i t u d e  s ickness  i n  t h i s  form develops much more f r equen t ly  

and becomes dangerous f o r  l i f e .  A t  7000 - 7500 m, t he  major i ty  of people,  
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even a f t e r  only s i x  t o  seven minutes, may s u f f e r  l o s s  of consciousness.  A t  

h igh a l t i t u d e s ,  t h e  ra te  of development and ser iousness  of occurrence of a l t i 

tude s ickness  increase .  Thus, f o r  example, a t  11,000 t o  12,000 m y  s e r i o u s  

consequences and l o s s  of consciousness occur on t h e  average i n  25 - 40 seconds. 

A t  15,000 - 16,000 m y  even when oxygen is  being breathed, a l t i t u d e  s ickness  

develops very sharp ly  and r a p i d l y  due t o  t h e  genera l ly  low pressure ,  and l o s s  

of consciousness occurs  i n  1 0  t o  15 seconds. 

Manifestat ions of a l t i t u d e  s ickness ,  as w e l l  a s  its symptoms, a r e  

encountered i n  h ighly  d i v e r s e  combinations a t  the  same a l t i t u d e  not  only i n  

d i f f e r e n t  persons,  bu t  i n  t h e  s a m e  ind iv idua l .  The i n d i v i d u a l  c h a r a c t e r i s t i c s  

of t h e  organism which determine i ts  a l t i t u d e  r e s i s t a n c e  show up c l e a r l y  only 

up t o  a l t i t u d e s  of 7,000 m. These d i f f e r e n c e s  become less d i s t i n c t  a s  t h e  

a l t i t u d e  i n c r e a s e s ,  and by 10,000 t o  12,000 m a l t i t u d e  s ickness  develops prac

t i c a l l y  t h e  same i n  everyone a s  f a r  a s  t h e  t i m e  of i t s  occurrence and t h e  

ser iousness  of t h e  symptoms is concerned. 

A l t i t u d e  s ickness  fol lows one law: t h e  g r e a t e r  t h e  a l t i t u d e ,  t h e  more 

r a p i d l y  and severe ly  i t  develops. 

The p r i n c i p a l  danger of a l t i t u d e  s ickness  l i e s  i n  t h e  f a c t  t h a t  t h e  flow 

of psychic processes  i s  i n t e r r u p t e d  f i r s t  of a l l .  The i n d i v i d u a l  cannot 

eva lua te  h i s  own condi t ion and t h e  surrounding s i t u a t i o n  i n  a hea l thy  and 

c r i t i c a l  manner. An i n s i d i o u s  aspec t  of a l t i t u d e  s ickness  i s  t h e  f a c t  t h a t  

t h e r e  are frequent  cases  of a rap id  t r a n s i t i o n  from m i l d  cases t o  more s e r i o u s  

ones. Sometimes, even a g a i n s t  a background of complete well-being, without 

any warning, s e r i o u s  symptoms of a l t i t u d e  s ickness  can develop and r e s u l t  i n  

sudden l o s s  of consciousness.  

A l t i t u d e  s ickness  arises most f requent ly  a s  a r e s u l t  of f a i l u r e  o r  

i n c o r r e c t  opera t ion  of on-board oxygen r e s p i r a t i o n  apparatus  and i n  t h e  event  

of f a i l u r e  of cabin  pressure  i n  an a i r c r a f t  during f l i g h t  a t  high a l t i t u d e .  

Each of these  cases is considered an  ex t raord inary  event.  
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A s  s t u d i e s  have shown, a l t i t u d e  r e s i s t a n c e  of t h e  organism depends on 

many f a c t o r s  i n  t h e  e x t e r n a l  and i n t e r n a l  medium. An unfavorable  e f f e c t  on 

a l t i t u d e  r e s i s t a n c e  i s  produced by overcooling o r  overheat ing of t h e  organism 

immediately before  f l i g h t  and e s p e c i a l l y  during f l i g h t ,  no t  g e t t i n g  enough 

s l e e p ,  over fa t igue ,  s i m p l e  stress, f l y i n g  on an empty stomach o r  immediately 

a f t e r  e a t i n g  a l a r g e  meal, an  unhealthy s ta te ,  s e r i o u s  emotional d i s turbances ,  

r e s i d u a l  phenomena following a l c o h o l i c  i n t o x i c a t i o n  as w e l l  a s  t h e  use  of 

a lcohol  before  f l i g h t ,  excess ive  smoking, poisoning by exhaust gas ,  kerosene 

vapors, gaso l ine  and t h e  products  of p y r o l y s i s  of l u b r i c a n t s .  

Airs ickness  

I n  a v i a t i o n  p r a c t i c e ,  so-called a i r s i c k n e s s  (resembling seasickness)  i s  

encountered as w e l l  as a l t i t u d e  s ickness .  Its development i s  not  d i r e c t l y  

l inked  t o  oxygen s t a r v a t i o n ,  although t h e  l a t t e r  may accelerate the  develop

ment and make the  course of t h i s  d i s e a s e  more s e r i o u s .  

Airs ickness  develops i n  c e r t a i n  p i l o t s  during f l i g h t  i n  a rough atmosphere, 

i . e . ,  i n  t h e  presence of powerful r i s i n g  and descending a i r  c u r r e n t s  - rough 

a i r .  Most o f t e n  t h i s  disease appears as a r e s u l t  of t h e  i n d i v i d u a l  being 

a f f e c t e d  by angular  a c c e l e r a t i o n s  during p i l o t i n g .  These a c c e l e r a t i o n s  cause 

s p e c i f i c  s t imula t ion  of t h e  v e s t i b u l a r  apparatus  which accumulate and produce 

a r e a c t i o n  by t h e  nervous system which takes  t h e  form ( in  a f i n a l  a n a l y s i s )  

of nausea,  vomiting, paleness  of t h e  s k i n ,  cold s w e a t  and d i z z i n e s s .  Sometimes 

t h e  r e s u l t  o f  t h i s  r e a c t i o n  i s  a f e e l i n g  of f a t i g u e ,  headache, mental confusion, 

e t c .  

The ord inary  c l i n i c a l  p i c t u r e  of  a i r  s ickness  involves  s t i m u l a t i o n  not  

only of t h e  v e s t i b u l a r  apparatus  but  a l s o  of numerous s e n s i t i v e  nerve endings 

which are loca ted  i n  t h e  i n n e r  organs and t i s s u e s  of t h e  organism. Nerve 

impulses a r r i v i n g  from t h e s e  receptors  i n  t h e  c e n t r a l  nervous systems make t h e  

e f f e c t  of t h i s  d i s e a s e  s t i l l  more s e r i o u s .  
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It i s  i n t e r e s t i n g  t o  note  t h a t  p i l o t s ,  when f l y i n g  as passengers,  are 

a f f e c t e d  more f requent ly  than when they themselves are p i l o t i n g  an a i r c r a f t .  

Apparently, when t h e  p i l o t  i s  a t  t h e  c o n t r o l s  himself ,  t h e  stress from t h e  

nervo-psychic sphere is of s i g n i f i c a n t  importance, i n h i b i t i n g  t h e  formation of 

v e s t i b u l a r  re f lexes .  

Airs ickness  is similar t o  t h e  f a m i l i a r  seasickness:  t h e  same mechanisms 

form t h e  b a s i s  of both.  However, seasickness  u s u a l l y  occurs i n  a more pro

nounced form and i n  a greater number of people. This  i s  explained by t h e  

f a c t  t h a t  t h e  s p e c i f i c  s t imulant  a t  sea ( r o l l i n g )  as a r u l e  acts f o r  a longer  

period of t i m e  than i n  t h e  a i r .  

W e  know t h a t  people withstand t h e  r o l l i n g  of a s h i p  i n  d i f f e r e n t  ways: 

some b e t t e r  than o t h e r s .  Those who cannot withstand t h e  r o l l i n g  of a s h i p  

respond poorly t o  v e s t i b u l a r  t r a i n i n g .  Therefore ,  t h e  p r i n c i p a l  prevent ive 

measure f o r  a i r s i c k n e s s  i n  t h e  a i r  f o r c e  i s  a c a r e f u l  medical check of a l l  

candidates  f o r  f l i g h t  schools .  I n  c i v i l  a v i a t i o n ,  s e v e r a l  medical prepara

t i o n s  are a v a i l a b l e  f o r  prevent ing a i r s i c k n e s s  i n  passengers,  containing such 

substances a s  scopolamine, a t r o p i n e ,  belladonna, e tc .  

Inf-luence of Oxygen S t a r v a t i o n  on t h e  .Cest-ral Nervous System 

The teachings o f  I. P .  Pavlov regarding t h e  h igher  nervous a c t i v i t y  and 

the  physiology of t h e  b r a i n  have formed t h e  b a s i s  of research  on t h e  inf luence  

of oxygen i n s u f f i c i e n c y  on t h e  c e n t r a l  nervous system. According t o  t h i s  

theory,  t h e  c e r e b r a l  c o r t e x  i s  t h e  supreme organ which r e g u l a t e s  and coordi

n a t e s  a l l  v i t a l f u n c t i o n s  of t h e  organism. Impulses t r a v e l i n g  from i t  d i r e c t  

and c o r r e c t  t h e  course of h ighly  d i v e r s e  processes  i n  t h e  organism, inc luding  

i n t r a c e l l u l a r  processes .  I. P.  Pavlov wrote t h a t  t h e  h ighes t  s e c t i o n  of 

t h e  c e n t r a l  nervous system c o n t r o l s  a l l  events  tak ing  p l a c e  i n  t h e  body. 

Disrupt ion of t h e  a c t i v i t y  of t h e  c e r e b r a l  cor tex ,  caused by oxygen 

s t a r v a t i o n ,  i s  immediately r e f l e c t e d  i n  t h e  func t ions  of t h e  lower s e c t i o n s  
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of t h e  b r a i n  and also i n  t h e  a c t i v i t y  of t h e  i n t e r n a l  organs.  I n  the  event 

of any change a t  a l l  i n  the  s ta te  of the  i n t e r n a l  organs,  impulses which a f f e c t  

t he  a c t i v i t y  of t he  co r t ex  reach  t h e  c e n t r a l  nervous system. 

Any degree of oxygen s t a r v a t i o n  caused by a drop i n  p a r t i a l  p ressure  of 

oxygen i n  the  in sp i r ed  a i r  and by o the r  causes l eads  t o  changes and, i n  many 

cases ,  t o  d i s r u p t i o n  of t he  a c t i v i t y  of t h e  c e n t r a l  nervous system. An 

unfavorable  inf luence  on t h e  c e n t r a l  nervous system dur ing  oxygen s t a r v a t i o n  

is a l s o  produced by a l ack  of carbon dioxide i n  the  t i s s u e s  of t he  organism, 

which i s  formed as the  r e s u l t  of an inc rease  i n  v e n t i l a t i o n  of t he  lungs,. 

The high s e n s i t i v i t y  of t h e  c e l l s  of t he  c e n t r a l  nervous system t o  a 

shor tage  of oxygen is explained by the  f a c t  t h a t  t h e  nerve cells,  l i k e  the  

c e l l s  of o ther  t i s s u e s ,  do n o t  have t h e i r  own r e se rves  of oxygen even though 

t h e i r  need f o r  i t  i s  many t i m e s  g r e a t e r  than that of o the r  c e l l s .  Su f f i ce  i t  

t o  say t h a t  20% of t h e  oxygen reaching the  human organism is absorbed p rec i se ly  /73 
by t h e  b r a i n ,  although i t s  weight c o n s t i t u t e s  only 2% of the  t o t a l  body 

weight.  

A s  experiments have shown, the  s e n s i t i v i t y  of nerve c e l l s  t o  oxygen 

insu f f i c i ency  is  h ighes t  i n  man. The nerve c e l l s  of var ious  p a r t s  of the  

c e n t r a l  nervous system r e a c t  d i f f e r e n t l y  t o  oxygen insu f f i c i ency ;  t h e i r  resis

tance decreases  a s  w e  move from the  lower s e c t i o n s  t o  t h e  h igher  ones. The 

c e l l s  of t he  ce reb ra l  co r t ex  a r e  most s e n s i t i v e  and least  r e s i s t a n t  t o  oxygen 

insu f f i c i ency .  

The inf luence  of oxygen s t a r v a t i o n  i s  manifested by degenerat ion of t h e  

c e n t r a l  nervous system a c t i v i t y ,  p r imar i ly  i n  t h e  c e r e b r a l  cor tex .  It is 

pr imar i ly  tile complex psychic and condi t ioned-ref lex a c t i v i t y  which i s  most 

s e r i o u s l y  a f f ec t ed .  The na tu re  of these  d i s rup t ions  and the  rate of t h e i r  

development are i n  d i r e c t  p ropor t ion  t o  the  degree of oxygen s t a r v a t i o n ,  

i nd iv idua l  c h a r a c t e r i s t i c s  of t he  organism and a l s o  i t s  phys ica l  and 
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neuro-emotional s ta te  a t  a given moment. A t  h i g h  levels of oxygen s t a r v a t i o n ,  

t h e  c e n t r a l  nervous system shows very pronounced d i s o r d e r s  which may cause 

t h e  death of t h e  ind iv idua l .  

The appearance of f u n c t i o n a l  d i sorders  i n  t h e  c e n t r a l  nervous 

system under condi t ions  of oxygen s t a r v a t i o n  is  complex and d i f f e r s  n o t  only 

i n  d i f f e r e n t  persons,  b u t  even i n  t h e  same person. I n  order  t o  g e t  a c l e a r e r  

p i c t u r e  of these  d i s r u p t i o n s ,  i t  would be advantageous t o  know the most 

t y p i c a l  s i g n s  of these  changes. There a r e  two phases i n  t h e  behavior and 

genera l  s t a t e  of an i n d i v i d u a l ,  caused by t h e  inf luence  of oxygen s t a r v a t i o n  

on t h e  c e n t r a l  nervous system: t h e  phase of e x c i t a t i o n  and t h e  phase of 

depression.  

The phase of e x c i t a t i o n  u s u a l l y  occurs a t  a l t i t u d e s  of 2,500 t o  3,000 m 

and i s  charac te r ized  by l i v e l i n e s s  of behavior, increased t a l k a t i v e n e s s  and 

good humor, a c c e l e r a t i o n  of t h e  course of psychic r e a c t i o n s  , a tendency 

toward a c t i v e  movement. However, the  q u a l i t y  of t h e  work d e t e r i o r a t e s ,  t h e r e  

i s  f requent ly  a drop i n  the c a p a c i t y f o r  c r i t i c a l  e v a l u a t i o n  of t h e  i n d i v i d u a l ' s  

own condi t ion,  as w e l l  as h i s  a c t i o n s ,  and t h e  surrounding condi t ions.  The 

s ta te  a t  t h i s  phase may be compared t o  one of mild a l c o h o l i c  i n t o x i c a t i o n .  

This phase i s  charac te r ized  by t h e  ind iv idua l  o v e r r a t i n g  h i s  a b i l i t i e s :  

h e  i s  convinced t h a t  h i s  s ta te  is  normal, and t h a t  his a c t i o n s  a r e  c o r r e c t ;  

he may a l ready  be on t h e  b r i n k  of l o s s  of consciousness,  though h i s  a c t i o n s  

do not  r e f l e c t  t h e  s i t u a t i o n .  

The phase of depress ion  begins a t  an  a l t i t u d e  of 4,000 m. It i s  charac

t e r i z e d  by a dec,rease i n  t h e  working a b i l i t y  of t h e  i n d i v i d u a l .  A t  t h i s  

phase, h i s  observing a b i l i t y  and capaci ty  f o r  judgment decrease, t h e  scope of 

h i s  a t t e n t i o n  narrows, h i s  memory grows weak, t h e  observa t ion  of instruments  

becomes more d i f f i c u l t ,  h i s  a b i l i t y  t o  car ry  out  simple mathematical calcula

t i o n s  d e t e r i o r a t e s ,  and v i s u a l  es t imat ion  i s  d is turbed .  A s  t i m e  passes ,  t h e  

s t a t e  of t h e  i n d i v i d u a l  may become s t i l l  worse: he can b e  s luggish ,  weak, 
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apathetic, sleepy, show a sharp slowing down in the rate of mental activity, 


forgetfulness, numerous errors in calculations and writing, skipping or mis


spelling individual letters and words, repetition of individual words and 


phrases, disruption of fine coordinated movements and handwriting. Finally, 


he may suffer mental confusion and faint. 


If the degree of oxygen starvation does not increase (flight at the same 


altitude) a periodic shift of the brief phase of excitation to the long phase 


of depression may be seen. 


Practice has shown that sudden l o s s  of consciousness occurs only in the 

case of a very rapid climb to an altitude above 5,000 m or in the case of 
sudden loss of oxygen, at great height. In certain cases, loss of conscious
ness may occur against a background of apparently perfectly normal behavior. 

The pilot may then be unable to detect the moment at which the fainting begins 
to develop. 

Influence of Oxygen Starvation on the Function of the Analyzers 


Disruption of the activity of the cerebral cortex under conditions of 


oxygen starvation at high altitudes shows up comparatively early in the 


functions of the analyzers. 


The visual analyzer is most sensitive to oxygen starvation. It is impor


tant to note that it is the principal functions of the visual analyzer which 


are affected, and which are very important to the pilot (for example) for 


observing and recognizing objects on the ground as well as targets in the air, 


reading his flight charts, noting the readings of the instruments, etc. These 


functions include: color and contrast sensitivity, color vision, visual /75 
acuity, depth of vision and ability to accommodate. 

Light sensitivity of the eye decreases even at heights of 2,000 - 3,000 m, 

while in some cases even at a height of 1,500 m. At an altitude of 4,500 to 
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5,000 m y  t h i s  decrease becomes s i g n i f i c a n t ,  p a r t i c u l a r l y  i n  people with insuf

f i c i e n t  r e s i s t a n c e  t o  oxygen s t a r v a t i o n  as w e l l  as under considerable  phys ica l  

stresses. I n  t h e  case of func t iona l  d i sorders  of t h e  cardiovascular  a c t i v i t y ,  

l i g h t  s e n s i t i v i t y  d e t e r i o r a t e s  a t  lower a l t i t u d e s  and is  more pronounced. 

The c o n t r a s t  s e n s i t i v i t y  of t h e  eye is t h e  a b i l i t y  t o  d e t e c t  t h e  

smallest d i f f e r e n c e s  i n  br ightness  between t h e  o b j e c t  and t h e  background; t h i s  

decreases  beginning a t  5,000 m. As t h e  oxygen i n s u f f i c i e n c y  becomes more 

acute ,  t h i s  a b i l i t y  cont inues t o  d e t e r i o r a t e  and a t  7,000 m i t  f a l l s  by 50% 

on t h e  average. 

Color v i s i o n  begins  t o  show dis turbances  a t  1,500 m; a f u r t h e r  climb 

makes t h i s  d i s turbance  more s e r i o u s .  Beginning a t  4,500 m y  t h e r e  i s  d e t e r i o r a 

t i o n  of the  a b i l i t y  t o  d e t e c t  co lor  s a t u r a t i o n ,  whi le  a t  a l t i t u d e s  of 5,000 
6,000 m i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  co lor .  A t  t h e s e  a l t i t u d e s ,  white  

appears a s  yel lowish gray, and b lack  appears as  gray. Detection of green and 

b lue  d e t e r i o r a t e s  most sharp ly .  A t  a l t i t u d e s  of 6,000 m and up, t h e  a b i l i t y  

t o  d i s t i n g u i s h  b lue  from green d isappears  e n t i r e l y .  I n  order  t o  d i s t i n g u i s h  

o ther  co lors  from t h i s  a l t i t u d e ,  i t  i s  necessary t h a t  they be more s a t u r a t e d .  

Visual a c u i t y  up t o  a l t i t u d e s  of 4,500 - 5,000 m changes i n s i g n i f i c a n t l y  

i f  t h e  o b j e c t s  are w e l l  lit. However, i n  t h e  case  of low i l lumina t ion ,  i t  

d e t e r i o r a t e s  t o  a degree which i s  more s e r i o u s  a s  t h e  degree of oxygen s t a r 

va t ion  becomes more a c u t e  and t h e  o b j e c t s  a r e  more poorly i l lumina ted .  During 

t h e  daytime, v i s u a l  a c u i t y  d e t e r i o r a t e s  no t iceably  beginning a t  6,000 m. 

The i n i t i a l  phenomena i n d i c a t i n g  a narrowing of t h e  f i e l d  of v i s i o n  are 

observed a t  4,500 m; by 6,000 m t h i s  r e s t r i c t i o n  i s  very markedly apparent .  

Depth o r  s p a t i a l  v i s i o n  i n  some people changes s i g n i f i c a n t l y  even a t  

3,000 my while  a t  5,000 m and up i t  is  seen i n  everyone. The n a t u r e  of t h i s  /76_ 
d i s r u p t i o n  depends d i r e c t l y  on t h e  degree of oxygen i n s u f f i c i e n c y  and t h e  

r e s i s t a n c e  of t h e  organism t o  i t .  The d i r e c t  cause of t h e  change i n  depth 
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percept ion  is  t h e  weakening of t h e  tone and d i s r u p t i o n  of equi l ibr ium of t h e  

o p t i c  muscles, caused by d e t e r i o r a t i o n  of t h e  coordinated func t ions  of t h e  

c e n t r a l  nervous system. 

A drop i n  t h e  a b i l i t y  of t h e  eye t o  accommodate (charac te r ized  by t h e  

magnitude o f  t h e  d i s t a n c e  from t h e  eye of t h e  observer  t o  t h e  poin t  of n e a r e s t  

v i s ion)  is observed beginning a t  5,000 m. Under condi t ions  of oxygen s ta rva

t i o n ,  t h e  t i m e  required f o r  normal v i s u a l  percept ion of t h e  surroundings 

increases .  Consequently, some o b j e c t s  (phenomena) which act  on t h e  r e t i n a  of 

t h e  eye f o r  a s h o r t  per iod of t i m e  may not  be de tec ted .  

A shortage of oxygen a l s o  has  an  unfavorable e f f e c t  on t h e  r e t i n a  of t h e  

eye i t s e l f .  Comparatively rap id  recovery of t h e  v i s u a l  a b i l i t y  of t h e  eye 

during a t r a n s i t i o n  t o  brea th ing  pure oxygen i n d i c a t e s  t h a t  under t h e  inf luence  

of oxygen s t a r v a t i o n  t h e  d i s r u p t i o n s  of the  v i s u a l  analyzer  have a func t iona l  

na ture ,  are r e v e r s i b l e ,  and do not  cause s e r i o u s  organic  damage. 

A l l  of t h e  measures t h a t  are involved i n  i n c r e a s i n g  t h e  a l t i t u d e  resis

tance  of t h e  organism have a p o s i t i v e  inf luence  on t h e  recovery of t h e  

func t ions  of t h e  v i s u a l  apparatus.  Among t h e  measures t h a t  have been espe

c i a l l y  developed f o r  i n c r e a s i n g  v i s u a l  func t ions ,  one of t h e  most important i s  

t h e  use of t h e  vi tamin A, B and C complex. 

The audi tory  analyzer  i s  much less a f f e c t e d  by oxygen s t a r v a t i o n .  S tudies  

i n d i c a t e  t h a t  hear ing a c u i t y  decreases  only a t  a l t i t u d e s  about 5,500 m and may 

remain depressed f o r  some t i m e  a f t e r  landing. The reason f o r  d e t e r i o r a t i o n  

of hear ing  a t  g r e a t  h e i g h t s  i s  t h e  f a c t  t h a t  t h e  same th ing  i s  a f f e c t e d  a s  i n  

t h e  case of t h e  v i s u a l  analyzer  - d i s r u p t i o n  of t h e  a c t i v i t y  of t h e  cerebra l  

cor tex.  

The func t ions  of t h e  v e s t i b u l a r  analyzer  are d is turbed  only with a 

marked degree of oxygen s t a r v a t i o n .  I n  t h e  course of experiments with r o l l i n g ,  

conducted on s p e c i a l  s tands ,  i t  w a s  es tab l i shed  under condi t ions of pronounced 

oxygen i n s u f f i c i e n c y  t h a t  t h i s  d i s turbance  i s  observed somewhat more 
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f requent ly  than when normal atmospheric air i s  breathed (at a pressure  of 

760 mm Hg). 

Pa in  and t ac t i l e  s e n s i t i v i t y  begin t o  increase  a t  a l t i t u d e s  of 2,000 
5,000 m, and decrease wi th  a rise i n  oxygen i n s u f f i c i e n c y  and increas ing  a l t i 

tude per  length  of t i m e  spent  a t  these  a l t i t u d e s .  The temperature s e n s i t i v i t y  

a l s o  decreases .  

The sense  of taste and s m e l l  are a f f e c t e d  beginning a t  4,500 - 5,000 m. 

It should be pointed out  t h a t  a c i d i f i e d  beverages appear t o  b e  most p leasant  

f o r  quenching t h i r s t  a t  high a l t i t u d e s .  With a proper ly  sea led  cabin and 

normal opera t ion  of t h e  oxygen equipment, t h e  p o s s i b i l i t y  of development of 

oxygen s t a r v a t i o n  i s  excluded, and so i s  d i s r u p t i o n  of t h e  func t ion  of t h e  

ana lyzers .  

E f f e c t  gf-oxygen S t a r v a t i o n  on. the Respiratory System 

The most important e f f e c t  on the  r e s p i r a t o r y  system i s  caused not  by a 

r a r e f a c t i o n  of atmospheric a i r ,  but  by a drop i n  t h e  p a r t i a l  p ressure  of 
oxygen i n  t h e  i n s p i r e d  a i r .  

Under condi t ions  of oxygen i n s u f f i c i e n c y ,  t h e r e  are changes i n  t h e  exter

n a l  and t i s s u e  r e s p i r a t i o n  and t h e  pulmonary gas exchange. The change i n  

r e s p i r a t i o n  under condi t ions  of moderate oxygen s t a r v a t i o n  a r e  accompanied by 

adapt ive  reac t ions ;  however, a t  severe  levels of oxygen s t a r v a t i o n ,  r e a c t i o n s  

of a compensatory n a t u r e  develop, which i n  the f i n a l  a n a l y s i s  may b e  

inadequate,  which makes t h e  d is turbance  of o ther  important func t ions  of t h e  

organism more s e r i o u s .  

A f i x e d  c h a r a c t e r i s t i c  of t h e  r e a c t i o n s  of t h e  r e s p i r a t o r y  system t o  

oxygen i n s u f f i c i e n c y  i s  t h e  i n c r e a s e  i n  pulmonary v e n t i l a t i o n  accompanied by 

a speeding up of t h e  rhythm and an i n c r e a s e  i n  t h e  depth of r e s p i r a t i o n .  A 

s l i g h t  i n c r e a s e  i n  pulmonary v e n t i l a t i o n  i n  man may a l ready  b e  observed a t  
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1,000 m, whi le  a t  2,500 m i t  i s  c l e a r l y  evident .  Pulmonary v e n t i l a t i o n  


i n c r e a s e s  t o  d i f f e r e n t  degrees  i n  d i f f e r e n t  persons under t h e  s a m e  condi t ions.  


I n  some i n d i v i d u a l s ,  i t  may i n c r e a s e  by a f a c t o r  o f  2. I n  genera l ,  however, 


t h e  i n c r e a s e  i n  pulmonary v e n t i l a t i o n  (when t h e  i n d i v i d u a l  is i n  a s ta te  of 


r e s t )  depends on t h e  a l t i t u d e  and rate of climb; t h e  g r e a t e r  they are, i .e . ,  
178 

t h e  more r a p i d l y  t h e  p a r t i a l  p ressure  of oxygen f a l l s ,  t h e  more important i s  

t h e  i n c r e a s e  i n  t h e  pulmonary v e n t i l a t i o n .  It  i n c r e a s e s  p a r t i c u l a r l y  sharp ly  

i n  t h e  event  of phys ica l  stress caused by increased demands on t h e  organism 

f o r  oxygen. Under condi t ions of oxygen s t a r v a t i o n ,  wi th  a c e r t a i n  phys ica l  

stress, pulmonary v e n t i l a t i o n  increases  more s i g n i f i c a n t l y  than w i t h  t h e  s a m e  

stress under conditons of normal oxygen supply. 

With an i n c r e a s e  i n  pulmonary v e n t i l a t i o n  w i t h  a l t i t u d e ,  t h e r e  i s  a rise 

i n  t h e  p a r t i a l  p ressure  of oxygen i n  t h e  a l v e o l a r  a i r ,  and consequently t h e  

s a t u r a t i o n  of t h e  blood with oxygen increases .  Under these  condi t ions ,  t h e r e  

i s  an  enormous p o s i t i v e  s i g n i f i c a n c e  of t h e  i n c r e a s e  i n  v e n t i l a t i o n  of t h e  

h 	 lungs.  However, unnecessary increased v e n t i l a t i o n  may have a negat ive  i n f l u 

ence and cause severe "washing out" of carbon d ioxide  from t h e  organism, 

which s t i m u l a t e s  t h e  a c t i v i t y  of t h e  r e s p i r a t o r y  c e n t e r  and a l s o  speeds up t h e  

s a t u r a t i o n  of t h e  blood i n  t h e  lungs with oxygen and i t s  t r a n s i t i o n  from t h e  

blood t o  t h e i r  t i s s u e s  of t h e  organism. 

When a change i s  made t o  brea th ing  oxygen, pulmonary v e n t i l a t i o n  r e t u r n s  

t o  normal i n  1 - 2 minutes. 

I n  t h e  case of pronounced oxygen s t a r v a t i o n ,  t h e r e  i s  f i n a l l y  a break

down of r e s p i r a t i o n .  I t  becomes i r r e g u l a r ,  f requent ,  shallow; pulmonary 

v e n t i l a t i o n  decreases  sharp ly ,  which can soon lead  t o  a l o s s - o f  consciousness.  

However, t h e r e  a r e  f requent  cases of loss of  consciousness where t h e  i n c r e a s e  

of pulmonary v e n t i l a t i o n  and t h e  speeding up of r e s p i r a t i o n  w e r e  only s l i g h t l y  

evident .  Disrupt ion of r e s p i r a t i o n  i n  the  case of severe  oxygen s t a r v a t i o n  

develops as a r e s u l t  of i n h i b i t i o n  of t h e  r e s p i r a t o r y  center  i n  t h e  c e r e b r a l  

cor tex.  
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Inf luence  of Oxygen S t a r v a t i o n  on t h e  Ci rcu la tory  System 

The main f a c t o r  in f luenc ing  t h e  a c t i v i t y  of t h e  c i r c u l a t o r y  system during 

oxygen s t a r v a t i o n  is a l s o  t h e  decrease i n  p a r t i a l  p ressure  of oxygen i n  t h e  

i n s p i r e d  a i r .  

Experiments i n  barochambers as w e l l  as observat ions made during high 

a l t i t u d e  f l i g h t s  i n d i c a t e  t h a t ,  i f  t h e r e  i s  an a r t i f i c i a l  i n c r e a s e  i n  t h e  

p a r t i a l  p ressure  of oxygen i n  t h e  a l v e o l a r  air t o  terrestrial va lues  (105 mm 

Hg), t h e  c i r c u l a t o r y  system w i l l  no t  b e  subjected t o  r e a c t i o n s  t h a t  involve 

s t a y s  a t  a high a l t i t u d e  without a d d i t i o n a l  oxygen supply.  On t h e  o ther  hand, /79 
t h e s e  r e a c t i o n s  show up c l e a r l y  even under condi t ions  of normal atmospheric 

pressure  when brea th ing  gas mixtures t h a t  conta in  less oxygen than i s  found 

i n  atmospheric a i r  a t  s e a  level. 

One of t h e  earliest  and c l e a r e s t  i n d i c a t o r s  of changes i n  t h e  a c t i v i t y  

of t h e  cardiovascular  system under condi t ions  of oxygen i n s u f f i c i e n c y  is  t h e  

change i n  t h e  pulse  ra te  (speeding up).  This i s  t h e  c l e a r e s t  i n d i c a t o r  of t h e  

r e a c t i o n  of t h e  c i r c u l a t o r y  system t o  a l t i t u d e .  I n  some persons,  the  speeding 

up of t h e  pulse  begins  a t  an a l t i t u d e  of 1,000 - 1,500 m. Usually,  t h i s  

speeding up becomes more s i g n i f i c a n t  a s  a l t i t u d e  grows g r e a t e r ,  but  considerable  

ind iv idua l  d i f f e r e n c e s  a r e  a l s o  seen. 

With a slow climb and prolonged s t a y  a t  a c e r t a i n  a l t i t u d e ,  an ind iv idua l  

may become accustomed t o  t h e  condi t ions of t h e  medium. This means t h a t ,  

regard less  of a c e r t a i n  r e l a t i v e  decrease i n  pulse  r a t e  ( i n  comparison t o  t h e  

rate during t h e  f i r s t  period a t  t h i s  a l t i t u d e ) ,  i t  s t i l l  remains f a s t e r  than 

on e a r t h .  Usually,  a s i g n i f i c a n t  speeding up of t h e  pulse  i s  noted i n  t h e  

case of phys ica l  stress, which a s  w e  have a l ready  pointed o u t ,  has t o  do wi th  

t h e  g r e a t e r  demand of t h e  organism f o r  oxygen. 

The a r t e r i a l  blood pressure  during oxygen s t a r v a t i o n  increases  somewhat 

i n  most people. A s  a r e s u l t  of t h e  speeding up of t h e  h e a r t  cont rac t ions ,  
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t h e  blood makes a f u l l  c i r c u i t  more r a p i d l y ,  considerably i n c r e a s i n g  t h e  rate 

a t  which oxygen is suppl ied  t o  t h e  t i s s u e s .  A t  t h e  same t i m e  t h a t  t h e  pulse  

speeds up and t h e  blood pressure  rises, t h e r e  is a l s o  an  i n c r e a s e  i n  t h e  

minute volume of blood pumped by t h e  h e a r t  i n t o  t h e  blood vessels. Consequently, 

t h e  supply of oxygen t o  t h e  t i s s u e s  i s  improved, s i n c e  more blood passes  

through t h e  t i s s u e  c a p i l l a r i e s  per  u n i t  t i m e .  

When t h e  a c t i o n  of t h e  neuroref lex  mechanisms is  a c t i v a t e d ,  t h e r e  i s -

an i n c r e a s e  i n  t h e  m a s s  of c i r c u l a t i n g  blood, pr imar i ly  i n  t h e  red blood cells 

(e ry throcytes ) .  This is  achieved by mobi l iza t ion  of t h e  "blood deposi t" ;  

i .e.,  blood which is deposi ted (contained i n  reserves) i n  t h e  sp leen  and 

l i v e r .  This r e s u l t s  i n  an i n c r e a s e  i n  t h e  t o t a l  r e s p i r a t o r y  s u r f a c e  of t h e  

e ry throcytes  and t h e  amount of hemoglobin, which t r a n s p o r t s  t h e  oxygen i n  t h e  

c i r c u l a t i n g  blood. I f  t h e r e  i s  a t h r e a t  of a drop i n  oxygen p r e s s u r e  i n  t h e  -I 8 0  

c e r e b r a l  vessels, a r e d i s t r i b u t i o n  of t h e  m a s s  of c i r c u l a t i n g  blood i s  accom

pl i shed  by r e f l e x ,  s o  t h a t  t h e  blood supply t o  t h e  organs most important f o r  

l i f e  i s  increased ( c e n t r a l  nervous system, h e a r t  and lungs)  a t  t h e  c o s t  of 

reducing t h e  blood supply t o  t h e  muscles, s k i n  and o t h e r  organs which have 

high r e s i s t a n c e  t o  oxygen i n s u f f i c i e n c y .  

Hence, t h e  c i r c u l a t o r y  system manifests  a number of r e a c t i o n s  under t h e  

condi t ions  of oxygen i n s u f f i c i e n c y  which a r e  aimed a t  i n s u r i n g  t h a t  t h e  organ

i s m  receives t h e  necessary supply of oxygen. However, t h e  changes described 

above f o r  t h e  a c t i v i t y  of t h e  cardiovascular  system are c h a r a c t e r i s t i c  f o r  

moderate levels of oxygen s t a r v a t i o n .  A t  severe  degrees of oxygen s t a r v a t i o n  

( a t  6,000 - 7,000 m) t h e  r e s e r v e  c a p a b i l i t y  of t h e  apparatus  f o r  c i r c u l a t i o n  

becomes i n s u f f i c i e n t  and i s  r a p i d l y  exhausted. The pulse  e i t h e r  speeds up 

tremendously or becomes very slow, and t h e  rhythm breaks down. This s i g n  i s  

a precursor  of unconsciousness. 

The condi t ion of t h e  c i r c u l a t i o n  i s  a l s o  a f f e c t e d  by low temperature. 

Under t h e  inf luence  of cold,  t h e r e  i s  a reinforcement of metabolism which 
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r e q u i r e s  a d d i t i o n a l  expendi ture  of oxygen and i n c r e a s e s  t h e  load on t h e  

cardiovascular  and r e s p i r a t o r y  systems. 

Inf luence  of Oxygen S t a r v a t i o n  on Metabolism 

P a r t i c i p a t i o n  of oxygen i n  i n t e r r e l a t e d  biochemical ox ida t ion  processes 

i s  of primary importance f o r  v i t a l  a c t i v i t y .  

S tudies  have shown t h a t  changes i n  metabolism i n  the .  

organism of man under condi t ions  of oxygen def ic iency  are very d i v e r s e  and 

complex. 

The dependence of t h e  change i n  t h e  metabolism on t h e  degree of oxygen 

s t a r v a t i o n  may be charac te r ized  by a weakening of t h e  oxida t ion  processes  i n  

t h e  organism and an accumulation of unoxidized products i n  t h e  t i s s u e s ,  a s  

w e l l  as a d i s r u p t i o n  of t h e  r e g u l a t i n g  inf luence  of t h e  c e n t r a l  nervous system 

and t h e  endocrine glands on t h e  metabolism due t o  an a t t e n u a t i o n  of biochemical 

processes  i n  t h e  c e l l s  of t h e s e  organs. 

The n a t u r e  and s e v e r i t y  of metabolic d i sorders  depend upon t h e  

degree of oxygen s t a r v a t i o n ,  t h e  level of phys ica l  stress, t h e  state of t h e  

neuro-psychic sphere,  the a i r  temperature,  i n d i v i d u a l  func t iona l  charac te r i s 

t i c s  of t h e  organism and t h e  degree of i t s  t r a i n i n g .  

Thanks t o  t h e  h ighly  adapt ive a b i l i t i e s  of organisms, r e a c t i n g  even t o  

a minimum shortage of oxygen, t h e  phys io logica l  and biochemical reserves are 

immobilized. One of t h e  most ex tens ive  reserves is  t h e  i n t e n s i f i c a t i o n  of 

t h e  a c t i v i t y  of t h e  r e s p i r a t o r y  and c i r c u l a t o r y  organs,  r e s u l t i n g  i n  an 

i n c r e a s e  i n  t h e  supply of oxygen t o  t h e  t i s s u e s  of t h e  organism. 

However, under condi t ions  of oxygen s t a r v a t i o n ,  some forms of metabolism 

may be changed t o  varying degrees.  
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Changes i n  t h e  p r o t e i n  metabolism under condi t ions  of oxygen i n s u f f i c i e n c y  

inc lude  incomplete oxida t ion  of pro te ins ,  which r e s u l t s  i n  t h e  organism accumu

l a t i n g  unoxidized b i o l o g i c a l l y  a c t i v e  products of p r o t e i n  o r i g i n  (his tamine,  

guanidine, acetone bodies) ,  formed from c e r t a i n  amino a c i d s  taken i n  w i t h  t h e  

food. A s  t h e  content  of t h e s e  products i n  t h e  blood i n c r e a s e s ,  t h e r e  i s  a 

d e t e r i o r a t i o n  of t h e  genera l  condi t ion of t h e  organism and t h e  a b i l i t y  t o  

withstand oxygen s t a r v a t i o n .  

I n  t h e  event of a shortage of oxygen i n  t h e  organism, t h e r e  is a disrup- /81 


t i o n  of p r o t e i n  s y n t h e s i s  from amino a c i d s  and, consequently,  a drop i n  t h e  

a c t i v i t y  of c e r t a i n  enzymes which p a r t i c i p a t e  i n  biochemical r e a c t i o n s  of t h e  

organism and i n  d i g e s t i v e  processes .  Disturbances of p r o t e i n  metabolism are 

observed most no t iceably  i n  ind iv idua ls  who have had l i t t l e  a l t i t u d e  t r a i n i n g .  

Changes i n  Eat metabolism under condi t ions  of oxygen s t a r v a t i o n  lead  t o  

a c e r t a i n  d i s r u p t i o n  of t h e  oxida t ion  of f a t t y  a c i d s ,  s o  t h a t  undigested pro

ducts  can accumulate i n  t h e  organism i n  the  form of acetone bodies ,  aceto

a c e t i c ,  and beta-hydroxybutyric ac id .  A s  w e  have a l r e a d y  pointed o u t ,  acetone 

bodies may be formed due t o  t h e  incomplete oxida t ion  of p r o t e i n s .  I n  order  

t o  oxid ize  acetone bodies  t o  t h e i r  end product ,  it i s  necessary t o  have 

s u f f i c i e n t  carbohydrate i n  t h e  organism. Acetone bodies  are formed and s t o r e d  

i n  t h e  organism i n  s i g n i f i c a n t  amounts only when t h e  s u p p l i e s  of carbohydrates 

are completely exhausted and t h e  p r i n c i p a l  source of energy requi red  f o r  v i t a l  

a c t i v i t y  of t h e  organism becomes f a t  and pro te ins .  

Carbohydrate metabolism is  a f f e c t e d  t o  a lesser degree during oxygen 

i n s u f f i c i e n c y  than a r e  t h e  o t h e r  forms of metabolism, s i n c e  a r e l a t i v e l y  small  

amount of oxygen i s  required f o r  ox ida t ion  of carbohydrates.  However, during 

t h e  process  of carbohydrate metabolism during oxygen s t a r v a t i o n ,  unoxidized 

products are accumulated i n  t h e  form of organic  a c i d s  ( g a l a c t i c ,  pyroracemic, 

c i t r i c  and o t h e r s ) .  These ac ids  are accumulated more i n t e n s i v e l y  during 

phys ica l  stress. The normal course of carbohydrate metabolism depends t o  a 

l a r g e  degree upon t h e  content  of vi tamins from t h e  B group i n  t h e  organism as 



w e l l  as t h e  amount of vi tamin C. Vitamin B1 forms p a r t  of the enzyme which 

makes poss ib le  t h e  breaking down of pyroracemic acid.  I f  t h e r e  i s  n o t  enough 

of i t ,  t h e  sequence of t h e  process  of breaking down carbohydrates i s  d is turbed .  

This  process ends wi th  t h e  phase of pyroracemic a c i d  which i s  s t o r e d  i n  t h e  

t i s s u e s  i n  l a r g e  amounts. This  a c i d  is an in te rmedia te  l i n k  of p r o t e i n  and 

f a t  metabolism. Consequently, t h e  i n s u f f i c i e n c y  o r  absence of vi tamin B1 may 

cause a d is turbance  of t h e s e  types of metabolism. 

Under condi t ions of  oxygen s t a r v a t i o n ,  t h e  consumption of carbohydrates 

i n  var ious  organs i n  t h e  human body is  n o t  uniform. The h e a r t  muscle and 

c e n t r a l  nervous system p l a c e  t h e  g r e a t e s t  demands on carbohydrates. 

Vitamin metabolism is  l a r g e l y  d is turbed  during oxygen s t a r v a t i o n ,  n o t  

only because of l a c k  of oxygen, but  a l s o  due t o  t h e  high nervous and emotional 

stress and t h e  e f f e c t  of high a c c e l e r a t i o n s .  It has been determined experi

mentally t h a t ,  under t h e  i n f l u e n c e  of t h e s e  f l i g h t  f a c t o r s ,  t h e  requirement of 

t h e  organism f o r  vitamins A ,  B1, B2,  B6, B9, P ,  PP and C increases  markedly. 

Therefore ,  using complexes of vitamins i n  t h e  food r a t i o n  f o r  t h e  p i l o t  i n c r e a s e s  

the  resistance of t h e  organism t o  oxygen s t a r v a t i o n  and a c c e l e r a t i o n ,  improves 

h i s  working a b i l i t y  and metabolism, and normalizes t h e  oxida t ion  processes  i n  

t h e  t i s s u e s .  

Water and mineral  metabolism under condi t ions of reduced p a r t i a l  oxygen 

pressure  a l s o  undergo c e r t a i n  changes. Metabolism of t h i s  kind i s  very c l o s e l y  

r e l a t e d  t o  t h e  metabolism of o t h e r  substances.  W e  know t h a t  an accumulation of /83 
t h e  sal ts  of potassium, sodium and o t h e r  elements i n  t h e  organism involves  t h e  

metabolism of carbohydrates.  When muscles work, potassium is s e c r e t e d  from them 

and sodium is accumulated. Under condi t ions of oxygen s t a r v a t i o n ,  t h e r e  i s  an 

i n c r e a s e  i n  t h e  a c t i v i t y  of t h e  h e a r t  muscle and t h e  muscles of t h e  organs of 

r e s p i r a t i o n ,  s o  t h e r e  i s  a corresponding i n c r e a s e  i n  t h e  content  of potassium 

i n  t h e  blood and eventua l ly  t h e r e  is an i n c r e a s e  i n  potassium excre t ion  from 

t h e  organism t o g e t h e r  w i t h  t h e  ur ine.  On t h e  o t h e r  hand, t h e  excre t ion  of 

sodium from t h e  organism decreases .  
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An important r o l e  i n  the metabolism of substances i n  t h e  organism i s  

played by phosphorus, s i n c e  a g r e a t  many of t h e  metabol ic  processes  pass  

through a s t a g e  of phosphorus compounds. Under t h e  condi t ions  of  oxygen 

s t a r v a t i o n ,  t h e  process  of  conversion of phosphorus compounds i s  re ta rded ,  s o  

t h a t  t h e  organism may s u f f e r  a shor tage  of energy reserves. A t  reduced 

barometr ic  pressure ,  t h e r e  is an i n c r e a s e  i n  w a t e r  loss by t h e  organism 

( e s s e n t i a l l y  due t o  a decrease of i t  i n  t h e  t i s s u e s ) ,  which may reach 1-1.5 kg. 

The p r i n c i p a l  causes of an i n c r e a s e  i n  water loss are r a r e f a c t i o n  of atmospheric 

a i r ,  dryness of t h e  a i r  and high cabin temperature,  cons iderable  nervous and 

emotional stress and t h e  brea th ing  of dry oxygen. 

The water i s  excreted from t h e  organism as a r e s u l t  of increased evapora

t i o n  from t h e  cutaneous coverings and t h e  mucous membranes of t h e  upper 

r e s p i r a t o r y  t r a c t s  and an i n c r e a s e  i n  pulmonary v e n t i l a t i o n .  I n  t h i s  regard,  

i t  i s  necessary on long f l i g h t s  t o  provide t h e  c r e w  members wi th  water and pay 

s p e c i a l  a t t e n t i o n  t o  t h e i r  d r inking  schedule.  

Changes i n  d i g e s t i o n  during oxygen s t a r v a t i o n  appear t o  most people a t  

an a l t i t u d e  of 4,000 m. There i s  an i n h i b i t i o n  of t h e  a c t i v i t y  of t h e  salivary 

and d i g e s t i v e  glands,  which takes  t h e  form of  a reduct ion of t h e  amount of 

sal iva which i s  s e c r e t e d  as w e l l  as a drop i n  t h e  amount of g a s t r i c  j u i c e .  

Q u a l i t a t i v e  changes i n  g a s t r i c  j u i c e  lead  t o  an i n c r e a s e  i n  its a c i d i t y .  

Secre t ion  of j u i c e  by t h e  i n t e s t i n a l  glands only changes wi th  a s i g n i f i c a n t  

oxygen def ic iency.  

The motor func t ion  of t h e  d i g e s t i v e  organs and t h e  r e l a t e d  movement of 

t h e  food through t h e  g a s t r o i n t e s t i n a l  t rac t  i n  human beings slows down be

ginning a t  an a l t i t u d e  of 4,250-4,500 m. The b i l i g e n i c  func t ion  of t h e  l iver ,  

as has  been e s t a b l i s h e d  by animal experiments, i s  r e t a r d e d  only during a pro- /84 
longed s t a y  under condi t ions of severe  oxygen s t a r v a t i o n .  

The a s s i m i l a t i o n  of b a s i c  food substances changes s l i g h t l y .  

86 




The d i s r u p t i o n  of j u i c e  s e c r e t i o n  by t h e  d i g e s t i v e  glands and t h e  motor 

func t ion  of t h e  stomach may sometimes b e  accompanied by an invers ion  of taste, 

l o s s  of a p p e t i t e ,  f a t i g u e  and nausea. Usually those func t ions  of t h e  gastro

i n t e s t i o n a l  tract  are a f f e c t e d  which are under t h e  d i r e c t  c o n t r o l  of t h e  

c e n t r a l  nervous system. 

A l t i t u d e  t r a i n i n g  produces a relative normalizat ion of d i g e s t i o n  under 

condi t ions of oxygen s t a r v a t i o n .  

* * * 

For t h e  sake of convenience, w e  can arrange i n  a v e r t i c a l  p a t t e r n  several 

zones and a l t i t u d e s  wi th  most t y p i c a l  p i c t u r e s  of oxygen s t a r v a t i o n  occurrence 

(without a d d i t i o n a l  oxygen supply) . 

The i n d i f f e r e n t  zone i s  t h e  lowest l a y e r  of t h e  atmosphere (up t o  an 

a l t i t u d e  of 2,000 m above sea l e v e l )  , i n  which no n o t i c e a b l e  changes a r e  

observed i n  t h e  r e a c t i o n s  of t h e  organism and t h e  f e e l i n g s  of t h e  p i l o t .  

Beginning a t  an a l t i t u d e  of 2,000 m y  changes appear i n  t h e  sensa t ions  f e l t  

by t h e  p i l o t .  This  a l t i t u d e  i s  c a l l e d  t h e  r e a c t i o n  threshold .  With f u r t h e r  

climbing t o  an a l t i t u d e  of 3,000 m y  an i n c r e a s e  of t h e  a c t i v i t y  of t h e  

c i r c u l a t o r y  and r e s p i r a t o r y  systems i n  t h e  organism i s  observed. Due t o  t h e  

compensatory r e a c t i o n s  of r e s p i r a t i o n  and c i r c u l a t i o n ,  t h e  organism can cope 

r a t h e r  w e l l  up t o  t h i s  a l t i t u d e  wi th  a shor tage  of oxygen, and t h e  working 

a b i l i t y  of t h e  p i l o t  does not  decrease f o r  a per iod of about 3 hours.  The 

i n t e r v a l  between a l t i t u d e s  2,000 and 3,000 m i s  c a l l e d  t h e  zone of complete 

compensation. 

When t h e  f l i g h t  lasts more than 4 t o  5 hours a t  an a l t i t u d e  of 3,000 m y  

a n o t i c e a b l e  decrease i n  t h e  working a b i l i t y  of c r e w  members can b e  seen. 

I f  t h e  a i r c r a f t  cont inues t o  climb without  an a d d i t i o n a l  oxygen supply 

being provided, t h e  number of phenomena c h a r a c t e r i z i n g  a l t i t u d e  s ickness  w i l l  
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i n c r e a s e  and t h e  reserve mechanisms of t h e  organism w i l l  b e  unable t o  i n s u r e  

i t s  complete a c q u i s i t i o n  of t h e  requi red  amount of oxygen; the changes 

descr ibed above involv ing  t h e  a c t i v i t y  of t h e  c e r e b r a l  cor tex ,  r e s p i r a t o r y  

organs,  c i r c u l a t i o n ,  etc. , w i l l  begin t o  make themselves evident .  The be

ginning of t h e s e  changes u s u a l l y  can b e  seen  a t  an  a l t i t u d e  of about 4,000 

meters. This a l t i t u d e  has  come t o  b e  c a l l e d  t h e  d is turbance  threshold .  

Beginning a t  an a l t i t u d e  of 4,000 m y  w e  have t h e  zone of incomplete 

compensation. With f u r t h e r  climbing, oxygen s t a r v a t i o n  has  more and more of  

an e f f e c t ,  a l t i t u d e  s ickness  develops r a p i d l y ,  and t h e  d i s r u p t i o n  of t h e  

funct ions of  t h e  organism becomes more s e r i o u s .  The a l t i t u d e  of 6,000 m i s  

considered t o  b e  t h e  c r i t i ca l  threshold  beyond which t h e  so-cal led c r i t i c a l  

zone begins. S tay ing  i n  t h i s  zone without a d d i t i o n a l  oxygen supply is 

dangerous t o  human l i f e .  

A s t i l l  g r e a t e r  danger i s  posed by f l y i n g  without  a d d i t i o n a l  oxygen 

s u p p l i e s  a t  a l t i t u d e s  of 8,000 m o r  more. A t  such a l t i t u d e s ,  d i s r u p t i o n  of 

t h e  funct ions of t h e  organism and loss of consciousness occur very  r a p i d l y ,  

-I 8 5  

and t h e  p o s s i b i l i t y  of severe changes developing i n  t h e  organism which t h r e a t e n  

l i f e  i s  created.  

This a r b i t r a r y  d i v i s i o n  of a l t i t u d e s  i n t o  zones corresponds t o  a c e r t a i n  

rate of climb: 1,000 m i n  3 minutes. With a f a s t e r  r a t e  of climb, t h e  l i m i t s  

of t h e  zones change s i g n i f i c a n t l y .  This d i v i s i o n  does n o t  t a k e  i n t o  account 

i n d i v i d u a l  c h a r a c t e r i s t i c s  of t h e  organism. 

The dura t ion  of working a b i l i t y  of g r e a t  a l t i t u d e s  w i t h  r e s p i r a t i o n  of 

atmospheric a i r  o r  pure oxygen without increased pressure  u n t i l  s i g n i f i c a n t  

changes occur i s  c a l l e d  reserve t i m e .  

Reserve t i m e  e s s e n t i a l l y  depends on a l t i t u d e  (Table 7) and rate of climb 

(i.e. , the  rate of which oxygen s t a r v a t i o n  develops and t h e  i n d i v i d u a l  

c h a r a c t e r i s t i c s  of  t h e  organism, r e l a t e d  t o  t h e  phys ica l  and a l t i t u d e  

t r a i n a b i l i t y ) .  Usually, phys ica l ly  s t r o n g  i n d i v i d u a l s  and persons who have 
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TABLE 7. 

A l t i t u d e ,
. 

6,000 
7,000 

8 ,000 
9 ,000 
10,000 
11,000 
1 2  ,000 

1 3  ,000 
13,500 
1 4  000 
14,500 
15,000 
15 500 

16,QOQ and-more 

*"Pulmonary 
pressure.  

m Reserve T i m e  

10 - 15 min 
6 - 7 m i n  

2.5 min 
1.5 min 
50 sec 
40 sec 
25 sec 

6 min and more 
6 min 

50 sec 
30 sec 
1 9  s e c  
1 7  sec 

Breathing 
atmospheric a i r  

Breathing* 
pure O2 

- 10 - 15 sec~. ~. ._ 

Automatic'' oxygen apparatus  used without increased 

had s u f f i c i e n t  a l t i t u d e  t r a i n i n g  have a somewhat longer  reserve  t i m e  than 

those who a r e  phys ica l ly  weak o r  have had l i t t l e  a l t i t u d e  t r a i n i n g .  

A s  w e  can see from Table 7, a t  g r e a t  a l t i t u d e s  t h e  reserve  t i m e  i s  

c l e a r l y  i n s u f f i c i e n t  t o  allow descent t o  a s a f e  a l t i t u d e  o r  r e p a i r  of a 

malfunction i n  t h e  oxygen equipment. Therefore ,  t h e  p i l o t  must no t  take  t h i s  

t i m e  i n t o  h i s  c a l c u l a t i o n s ,  b u t  m u s t  check t h e  c o r r e c t  opera t ion  of t h e  oxygen-

r e s p i r a t i o n  apparatus  c a r e f u l l y  f o r  each f l i g h t .  

Prevent ive Measures 

The p r i n c i p a l  and most e f f e c t i v e  methods of prevent ing phenomena involved /86 
i n  oxygen s t a r v a t i o n  and ensuring normal v i ta l  a c t i v i t y  and working capac i ty  of 

f l i g h t  c r e w s  i n  high a l t i t i - d e  f l i g h t  a r e  pressur ized  cabins  , oxygen s u p p l i e s ,  

and h igh-a l t i tude  equipment. 
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Tn t h e  pressur ized  cabins of modern f i g h t e r  a i r c r a f t ,  dur ing f l i g h t  at  

high a l t i t u d e s ,  a h igher  pressure  i s  maintained than  t h a t  i n  t h e  surrounding 

atmosphere; t h i s  makes i t  p o s s i b l e  t o  m a k e  e f f e c t i v e  use of the oxygen-

r e s p i r a t i o n  apparatus .  

Since t h e  l a c k  of oxygen begins t o  b e  apparent at  2,000 m during a climb, 

it is  necessary t o  use t h e  oxygen apparatus  t o  maintain t h e  p a r t i a l  p ressure  

of oxygen i n  t h e  a l v e o l a r  a i r  wi th in  t h e  limits of phys io logica l  norms 

beginning a t  t h i s  a l t i t u d e .  It m u s t  b e  kept i n  mind t h a t ,  when t h e  oxygen 

system is switched on following prolonged oxygen s t a r v a t i o n ,  t h e r e  may b e  a 

b r i e f  d e t e r i o r a t i o n  of t h e  p i l o t ' s  s e n s a t i o n  (paradoxic e f f e c t ) .  I f  a f l i g h t  
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during t h e  daytime is  t o  last  s e v e r a l  hours ,  t h e  oxygen supply m u s t  b e  switched 

on a t  2,000 m. During n i g h t  f l i g h t s ,  t h e  apparatus  i s  u s u a l l y  switched on on 

t h e  ground, s i n c e  t h e  low level of i l l u m i n a t i o n  means t h a t  t h e  func t ions  of 

t h e  eye w i l l  d e t e r i o r a t e  considerably even at  i n s i g n i f i c a n t  degrees of oxygen 

i n s u f f i c i e n c y .  

I n  f i g h t e r  a v i a t i o n ,  i n  v i e w  of t h e  high rate of climb of t h e  a i r c r a f t ,  

t h e  oxygen supply m u s t  b e  switched on by t h e  p i l o t  on t h e  ground before  a high 

a l t i t u d e  f l i g h t ,  before  he takes  o f f .  This means t h a t  t h e  equipment must be 

c a r e f u l l y  ad jus ted  and checked beforehand. 

I f  a i r c r a f t  cabin p r e s s u r i z a t i o n  f a i l s  a t  a l t i t u d e s  above 10,000 m y  t h e  

ord inary  oxygen device of t h e  "pulmonary automatic" type  i s  unable t o  prevent 

oxygen s t a r v a t i o n ,  and a t  a l t i t u d e s  of 11,000 t o  12,000 m t h e  f i r s t  s i g n s  of 

d i s r u p t i o n  of c e r t a i n  v i s u a l  func t ions  make t h e i r  appearance. A t  a l t i t u d e s  

above 12,000 m y  t h e  shor tage  of oxygen becomes very s i g n i f i c a n t ,  and s e r i o u s  

f u n c t i o n a l  changes occur i n  t h e  organism, c r e a t i n g  a danger t o  l i f e .  

The reason f o r  t h i s  s i t u a t i o n  is t h a t  at  a l t i t u d e s  above 12,000 meters, 

using oxygen devices of t h e  pulmonary-automatic type  i n  a depressurized cabin,  

i t  i s  n o t  poss ib le  t o  create t h e  p a r t i a l  p ressure  of oxygen i n  t h e  a l v e o l a r  

air  required f o r  normal v i t a l  a c t i v i t y  due t o  t h e  low t o t a l  p ressure ,  t h e  

i n c r e a s e  i n  t h e  s p e c i f i c  value of t h e  water vapor ,  p r e s s u r e ,  and t h e  p a r t i a l  
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pressure  of carbon dioxide i n  t h e  a l v e o l a r  a i r .  Thus, w e  know t h a t  i n  t h e  

a l v e o l a r  a i r  t h e  p a r t i a l  p ressure  of water vapor i s  equal  t o  47 (and t h a t  of 

carbon dioxide,  approximately 40) mm Hg. I n  addi t ion ,  medical oxygen contains  

approximately 2% n i t r o g e n ,  which corresponds t o  a pressure  of 5 mm Hg. Hence, 

t h e  t o t a l  p a r t i a l  p ressure  of t h e  w a t e r  vapor, carbon dioxide,  and n i t rogen  i n  

t h e  a l v e o l a r  a i r  p = 40 + 47 + 5 = 92 mm Hg. 

When using ord inary  oxygen equipment, oxygen is suppl ied  t o  t h e  lungs 

under pressure  equal  t o  atmospheric pressure.  Consequently, t h e  p a r t i a l  

p ressure  of oxygen PO2 i n  t h e  a l v e o l a r  a i r  w i l l  be  equal  t o  t h e  d i f f e r e n c e  

between t h e  t o t a l  barometr ic  p r e s s u r e  (B) a t  t h e  given a l t i t u d e  and t h e  sum of /88 
t h e  p a r t i a l  p ressures  (p) of t h e  w a t e r  vapor, carbon dioxide and n i t r o g e n  i n  

t h i s  a i r :  po2 = B - p. 

Then, f o r  example, a t  an a l t i t u d e  of 13,000 m y  where B = 124 mm Hg, PO2 = 

= 124 - 92 = 32 mm Hg, whi le  a t  an a l t i t u d e  of 14,000 m a t  B = 106 nun Hg, po2 = 

= 106 - 92 = 1 4  IMII Hg. 

I n  r e a l i t y ,  however, when b r e a t h i n g  pure oxygen, i t s  p a r t i a l  p ressure  

i n  t h e  a l v e o l a r  a i r  w i l l  be  somewhat h igher  than  t h e  ca lcu la ted  va lue  (Table 

8 ) ,  s i n c e  under t h e s e  condi t ions  t h e r e  is  an i n c r e a s e  i n  pulmonary v e n t i l a t i o n ,  

and consequently,  a drop i n  t h e  carbon d ioxide  content  i n  t h e  a l v e o l a r  a i r .  

When using ord inary  oxygen devices of t h e  pulmonary automatic type i n  

depressurized cabins a t  a l t i t u d e s  above 12,000 m y  t h e  p i l o t  may r e t a i n  h i s  

working a b i l i t y  only f o r  a very l i m i t e d  t i m e ,  which i s  i n s u f f i c i e n t  f o r  t a k i n g  

a c t i v e  measures t o  save himself ( e j e c t i n g  o r  descending t o  s a f e  a l t i t u d e s ) .  

Differences i n  t h e  s u r v i v a l  rate of animals of a given type ( f o r  example, 

dogs) are very apparent a t  a l t i t u d e s  of 13,000-15,COO m, whi le  a t  a l t i t u d e s  

above 16,000 m t h e i r  s u r v i v a l  is p r a c t i c a l l y  t h e  same. The p r i n c i p a l  reason 

f o r  t h e  r a p i d  death of animals under t h e s e  condi t ions  is a rap id  decrease i n  

t h e  oxygen pressure  i n  t h e  blood. The high rate of development of s e v e r e  

oxygen s t a r v a t i o n  is explained n o t  only by t h e  sharp  drop i n  the p a r t i a l  -I89 
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pressure  of oxygen i n  t h e  surrounding atmosphere, bu t  a l s o  by t h e  phenomenon 

( c h a r a c t e r i s t i c  f o r  t h e s e  a l t i t u d e s )  of l o s s  of blood gases ("degassing of t h e  

organism"). A t  h igh degrees of  r a r e f a c t i o n ,  t h e  pressure  of gases (oxygen, 

n i t rogen  and carbon dioxide) i n  t h e  blood i s  h i g h e r  than  t h e i r  p ressure  i n  

t h e  surrounding atmosphere, s o  t h a t  t h e s e  gases begin t o  switch from t h e  blood 

i n t o  t h e  a l v e o l a r  air .  I n  modem a v i a t i o n ,  i n  order  t o  p r o t e c t  aga ins t  oxygen 

s t a r v a t i o n  i n  t h e  event of a breakdown i n  t h e  p r e s s u r i z a t i o n  of t h e  a i r c r a f t  

cabin,  f l y i n g  s u i t s  are wom and oxygen devices  are provided f o r  brea th ing  

oxygen under excess  pressure .  

The pressur ized  s u i t  provides r e l i a b l e  p r o t e c t i o n  f o r  t h e  p i l o t  no t  only 

a g a i n s t  t h e  e f f e c t s  of a sudden oxygen s t a r v a t i o n ,  but  a l s o  a g a i n s t  low temp

e r a t u r e s  and l a r g e  and severe pressure  changes. However, t h e  s u i t  has  a number 

of important disadvantages,  which d i c t a t e  a g a i n s t  i t s  use i n  a v i a t i o n  ( l imi ta 

t i o n  of mobi l i ty ,  l a r g e  s i z e ,  e t c . ) .  

These disadvantages are not  shared by oxygen devices which supply oxygen 

t o  t h e  lungs a t  high pressure.  I n  a pressur ized  cabin,  a device of t h i s  kind 
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opera tes  as a normal device f o r  pulmonary automatic opera t ion ,  b u t  when the 

cabin is  depressurized a t  a l t i t u d e s  above 12,000 m continuous supply of 

oxygen is automatical ly  c u t  i n  and excess pressure  is crea ted  beneath t h e  

mask. 

These devices maintain t h e  constant  minimum necessary excess pressure  of 

oxygen i n  t h e  lungs r e g a r d l e s s  of  atmospheric pressure  i n  t h e  a i r c r a f t  cabin. 

The t o t a l  oxygen pressure  i n  t h e  lungs is  made up of two values:  atmospheric 

pressure  at  t h e  given a l t i t u d e  and some excess pressure  of oxygen crea ted  by 

t h e  device. Depending on t h e  va lue  of t h e  t o t a l  p ressure ,  oxygen devices  can 

b e  divided i n t o  those  which work a t  a pressure  level of 115 mm Hg ( f i r s t  mode, 

o r  "mode 115") , at a 130 mm Hg mode (second mode, o r  "mode 130") and i n  a mode 

of 145 mm Hg ( t h i r d  mode, o r  "mode 145"). 

Oxygen devices t h a t  work i n  t h e  f i r s t  mode are recommended f o r  use a t  

a l t i t u d e s  up t o  15,000 m;  those  wi th  t h e  second mode - a t  a l t i t u d e s '  up t o .  

18,000 m; and those of t h e  t h i r d  mode - a t  a l t i t u d e s  above 18,000 m. I n  t h e  

f i r s t  case ,  a s p e c i a l  oxygen mask is  used; i n  t h e  second, an oxygen mask and /99 
a s p e c i a l  a l t i t u d e  compensating s u i t ,  which creates counterpressure on t h e  

s u r f a c e  of t h e  t runk  and t h e  extremities; i n  t h e  t h i r d  case, a pressur ized  

helmet and a compensating suit (oxygen supply system). 

When working i n  t h e s e  p r e s s u r e  modes, approximately t h e  same condi t ions  

f o r  r e s p i r a t i o n  are c r e a t e d  as when using oxygen devices of  t h e  ''pulmonary 

automatic' ' type a t  a l t i t u d e s  of 12,000-13,000 m. 

The oxygen equipment system, which c o n s i s t s  of t h e  oxygen device,  

p ressur ized  helmet,  and compensating s u i t  during work a t  t h e  t h i r d  mode 

provides t h e  p o s s i b i l i t y  of s t a y i n g  and r e t a i n i n g  high working a b i l i t y  a t  

a l t i t u d e s  above 20,000 m i n  a nonpressurized cabin f o r  a r a t h e r  long t i m e .  

However, t h e  e f f e c t i v e n e s s  of  t h i s  system is less than t h a t  of a f l i g h t  s u i t .  

This is explained by t h e  f a c t  t h a t  i n  t h e  f l i g h t  s u i t  a "pneumatic" system i s  

used t o  create a uniform counterpressure over t h e  e n t i r e  s u r f a c e  of t h e  body, 

whi le  i n  the alt i tude-compensating suit of t h e  oxygen supply system a 
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11mechanical" system is employed which 

d i s t r i b u t e s  t h e  counterpressure non

uniformly. For example, i n  t h e  

a rmpi t s ,  i n g u i n a l  regions , p e r i n e a l  

area, i n t e r s c a p u l a r  reg ion  and o t h e r  

p laces  (Figure 20) t h e  counterpressure 

i s  somewhat less than  on o t h e r  p a r t s  

of t h e  body. Therefore ,  a t  a l t i t u d e s  

above 19,000 m i t  is p o s s i b l e  t o  have 

congest ive phenomena a t  t h e s e  p laces  

which l e a d  t o  s e n s a t i o n s  of pain.  

Nonuniformity of counterpressure 

d i s t r i b u t i o n  i s  a consequence 

pr imar i ly  of design s h o r t  comings 

i n  t h e  compensating s u i t .  

Figure 20. Por t ions  of body with 
i n s u f f i c i e n t  pressure  from f l y i n g  

Increas ing  a l t i t u d e  r e s i s t a n c es u i t  (unshaded) . 
of t h e  p i l o t ' s  organism. A l t i t u d e  

r e s i s t a n c e  of t h e  organism of t h e  p i l o t  i s  of primary importance i n  t h e  

decompression of t h e  a i r c r a f t  cabin,  damage o r  breakdown involv ing  t h e  oxygen 

brea th ing  apparatus.  

An important r o l e  i n  increas ing  t h e  a l t i t u d e  r e s i s t a n c e  i s  played by t h e  

organized phys ica l  t r a i n i n g  of t h e  p i l o t .  

I n  performing phys ica l  e x e r c i s e s ,  t h e  requirements of t h e  t i s s u e s  f o r  

oxygen are increased,  and t h e  work of t h e  r e s p i r a t o r y  organs i n c r e a s e s  as w e l l .  

As a r e s u l t ,  t h e r e  i s  a decrease i n  the r e s p i r a t o r y  volume and t h e  lung 

s u r f a c e ,  pulmonary v e n t i l a t i o n ,  oxygen content  i n  t h e  a l v e o l i  and i t s  p a r t i a l  

p ressure ;  t h e r e  is an i n c r e a s e  i n  t h e  amount of active pulmonary c a p i l l a r i e s  

and a l v e o l i .  All of  t h i s  has a favorable  e f f e c t  on t h e  pulmonary gas exchange /91 
and t h e  general  s ta te  of t h e  organism. I n  a d d i t i o n  t o  t h e  reinforcement of 

t h e  funct ions of t h e  r e s p i r a t o r y  system, t h e r e  is a favorable  r e s t r u c t u r i n g  of 

t h e  c i r c u l a t o r y  organs as w e l l :  the  frequency and f o r c e  of card iac  cont rac t ions  
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increases ;  t h e r e  is  a rise i n  t h e  venous i n f l u x  of blood t o  t h e  h e a r t ,  a 


reinforcement of t h e  minute and s y s t o l i c  volume of blood, t h e  rate of c i rcu 


l a t i o n ,  and consequently,  t h e  supply of oxygen t o  t h e  t i s s u e s ;  t h e r e  i s  an 


i n c r e a s e  i n  t h e  m a s s  of c i r c u l a t i n g  blood and hemoglobin, t h e  carrier of 


oxygen. A t  t h e  same t i m e ,  more favorable  condi t ions  are crea ted  f o r  t h e  


t r a n s i t i o n  of t h e  oxygen from t h e  blood t o  t h e  t i s s u e s ,  and t h e  t i s s u e s  


themselves become a b l e  t o  use oxygen more economically, whi le  t h e  a c t i v i t y  


of enzymes t h a t  p a r t i c i p a t e  i n  biochemical processes  of t h e  organism i n c r e a s e s  


and metabolism i s  improved. The t i s s u e s  make b e t t e r  and more economical use 


of n u t r i e n t  substances.  -
I 9 2  

Hence, t h e  e n t i r e  complex of phys io logica l  changes t h a t  occur i n  t h e  

organism during sys temat ic  performance of p h y s i c a l  exerc ises  makes i t  p o s s i b l e  

t o  i n c r e a s e  i t s  working a b i l i t y  and t o  raise t h e  func t iona l  reserves making 

t h e  organism more r e s i s t a n t  t o  t h e  e f f e c t s  of var ious f l i g h t  f a c t o r s .  

W e  know from p r a c t i c a l  experience t h a t  phys ica l ly  s t r o n g  p i l o t s  can 

withstand t h e  e f f e c t s  of a l t i t u d e  much b e t t e r .  This i s  indica ted  by m i l i t a r y  

experience during World War I1 and t h e  fact t h a t  p rofess iona l  a t h l e t e s  who have 

had nothing t o  do with a v i a t i o n  o r  mountain climbing show very good a l t i t u d e  

r e s i s t a n c e  when they "ascend" i n  barochambers. 

During t h e  organiza t ion  of phys ica l  t r a i n i n g  i n  the  u n i t s ,  i t  i s  

necessary t o  consider  t h e  s p e c i f i c  f e a t u r e s  of t h e  f l i g h t  a c t i v i t y .  Thus, 

f i g h t e r  p i l o t s  must have a d i f f e r e n t  kind of phys ica l  p repara t ion  with pre

dominant development of rate of r e a c t i o n s  and s t r e n g t h  endurance, capac i ty  

f o r  withstanding considerable  stresses both mental  and phys ica l  and circum

spec t ion  under condi t ions  of rap id ly  changing s i t u a t i o n s ,  while  t h e  f l i g h t  

c r e w  of a bomber should perform phys ica l  exercises t h a t  are d i r e c t e d  a t  a 

s t rengthening  the organism and i n c r e a s i n g  the working capac i ty  OR long 

f l i g h t s .  

Phys ica l  t r a i n i n g  must b e  performed w i t h  a cons idera t ion  o f  the 

i n t e n s i t y  of f l i g h t  stress. During severe work i n  f l i g h t ,  t h e  e f f o r t s  a t  
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phys ica l  p repara t ion  must b e  d i r e c t e d  t o  r e l i e v i n g  emotional stresses and 

c u t t i n g  down on f a t i g u e ;  under low f l y i n g  stress, t h e s e  exercises should b e  

recommended f o r  performance i n  an expanded and more i n t e n s i v e  program. 

I n  order  t o  i n c r e a s e  a l t i t u d e  resistance, i t  is  d e s i r a b l e  t o  select those  

kind of s p o r t s  i n  which t h e  t i s s u e s  of t h e  organism undergo a c e r t a i n  oxygen 

i n s u f f i c i e n c y  causing an i n c r e a s e  i n  t h e  a c t i v i t y  of t h e  r e s p i r a t o r y  and 

c i r c u l a t o r y  organs (swimming, running, s k i i n g ,  e t c . )  . 

During t h e  per iod preceding f l i g h t s ,  i t  is  necessary t o  perform exerc ises  

which i n c r e a s e  t h e  r e s i s t a n c e  of t h e  organism t o  t h e  e f f e c t s  of a c c e l e r a t i o n  

(exerc ises  on b a r s ,  h o r i z o n t a l  bars  and o t h e r  equipment) and a l s o  t o  do 

e x e r c i s e s  i n  water t o  s t rengthen  and t r a i n  t h e  card iovascular  and nervous 

systems. 

Improvement of three-dimensional o r i e n t a t i o n ,  i n c r e a s i n g  t h e  r a p i d i t y  of 

responsive r e a c t i o n s  and s t rengthening  t h e  neuro-emotional sphere  are made 

p o s s i b l e  by e x e r c i s e s  i n  gymnastics , acrobat ics  , p a r t i c i p a t i o n  i n  a c t i v e  

s p o r t s ,  performing e x e r c i s e s  i n  w r e s t l i n g ,  etc. 

A t  t h e  present  t i m e ,  an ex tens ive  s tudy  is going on of t h e  prolonged 

e f f e c t  of oxygen i n s u f f i c i e n c y  i n  t h e  i n s p i r e d  a i r  on t h e  organism under high 

mountain condi t ions.  D a t a  are a v a i l a b l e  which would i n d i c a t e  t h a t  during a 

prolonged s t a y  under t h e s e  condi t ions t h e  human organism acqui res  increased 

r e s i s t a n c e  t o  t h e  e f f e c t s  of oxygen def ic iency ,  ion iz ing  r a d i a t i o n ,  r a d i a l  

a c c e l e r a t i o n s  and phys ica l  stresses. Therefore , i n  several count r ies  ( f o r  
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example, i n  West Germany) f l i g h t  crews are made t o  s t a y  i n  h igh-a l t i tude  areas. 

This ,  i n  conjunction w i t h  hospi ta l -spa t reatment  and p h y s i c a l  p repara t ion ,  has  

a p o s i t i v e  e f f e c t  on increas ing  t h e  a l t i t u d e  r e s i s t a n c e  of  t h e  organism. It 

i s  h ighly  poss ib le  t h a t  i n  t h e  n e a r  f u t u r e  p e r i o d i c  s t a y s  of p i l o t s  i n  high 

mountain camps w i l l  occupy a prominent p l a c e  i n  t h e  list of measures taken t o  

i n c r e a s e  t h e  r e s i s t a n c e  t o  t h e  e f f e c t s  of unfavorable f l i g h t  f a c t o r s .  
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Among t h e  measures which i n c r e a s e  resistance of  t h e  p i l o t ' s  organism t o  

a l t i t u d e  are c o r r e c t  o rganiza t ion  of  l a b o r ,  rest, and n u t r i t i o n .  

I n  organizing t h e  work regime, i t  is necessary t o  proceed on t h e  b a s i s  of 

t h e  f a c t  t h a t  t h e  dura t ion  of f l i g h t s  (by t h e  day o r  week) need not  i n c r e a s e  

t h e  m a x i m u m  s tandards  e s t a b l i s h e d  f o r  a given type of av ia t ion .  The f l i g h t  

stress f o r  each p i l o t  must be determined wi th  a cons idera t ion  of h i s  s t a t e  

of h e a l t h  and working a b i l i t y .  It is n o t  permiss ib le  t o  allow an u n j u s t i f i a b l y  

long s t a y  of  p i l o t s  a t  t h e  a i r p o r t .  H e r e  condi t ions  must b e  c rea ted  which 

i n s u r e  p r o t e c t i o n  a g a i n s t  t h e  unfavorable inf luence  of var ious  f a c t o r s  of t h e  

e x t e r n a l  medium. To do t h i s ,  it is  necessary t o  take i n t o  account t h e  c l imat ic  

c h a r a c t e r i s t i c s  of a given reg ion ,  t h e  t i m e  of year  and t h e  n a t u r e  of t h e  

weather. 

I n  organizing t h e  rest of t h e  f l i g h t  c r e w ,  i t  is necessary t o  have a -I 9 4  

s e n s i b l e  mixture of rest , a c t i v e  p a r t i c i p a t i o n  ( s p o r t s ,  walking, swimming, 

e t c . )  and enter ta inment  which w i l l  c r e a t e  p o s i t i v e  emotions. A l l  of t h i s  makes 

i t  p o s s i b l e  t o  prevent o r  r a p i d l y  r e l i e v e  f a t i g u e  and r e s t o r e  working a b i l i t y .  

Before a h i g h - a l t i t u d e  f l i g h t ,  no excessive physical  o v e r s t r e s s  should be 

allowed. During t h e  days of t r a i n i n g  on t h e  ground, s t r i c t  observat ion of 

t h e  e s t a b l i s h e d  order  of e x e r c i s e  and rest m u s t  be observed. The f l i g h t  crew 
must have a t  least 8 hours of s l e e p  each n ight .  Lack of s l e e p  and insomnia 

sharp ly  reduce working a b i l i t y .  

I n  accordance with t h e  g e n e r a l r e g u l a t i o n s , t h e  f i i g h t  crew has days o f f a n d a n  

annual vaca t ion  of a c e r t a i n  length.  I n  a d d i t i o n ,  depending on t h e  doc tor ' s  

f ind ings ,  t h e  f l i g h t  c r e w  i s  given a p e r i o d i c  b r i e f  rest a t  s p e c i a l  dispen

saries. 

Changes i n  Baromgt_ric Pressure  and Thei r  

-E f f e c t  on t h e  Human Organism 

I n  a v i a t i o n  medicine, a change i n  barometr ic  pressure  i s  understood t o  

b e  an i n c r e a s e  o r  decrease i n  t h e  pressure  i n  t h e  surrounding atmospheric 

97 

I 




medium. From t h e  phys ica l  s tandpoin t ,  however, a p r e s s u r e  change is con

s i d e r e d  t o  b e  t h e  a c t u a l  d i f f e r e n c e  between the pressure  i n  t h e  pressur ized  

cabin of t h e  a i r c r a f t  and t h e  pressure  o u t s i d e  i t ,  i .e.  , atmospheric pressure  

a t  a given moment. 

Increas ing  t h e  atmospheric pressure  is  c a l l e d  a compression change ,whi le  

a decrease i s  c a l l e d  decompression. The e f f e c t  o f  decompression is  f e l t  by 

t h e  p i l o t  when h e  ascends t o  a high a l t i t u d e ,  i n  t h e  case of an a c c i d e n t a l  

breakdown i n  t h e  p r e s s u r i z a t i o n  of t h e  cabin and during barochamber tests , 
as w e l l  as during descent (diving)  when he is exposed t o  t h e  e f f e c t s  of 

compression change. When a i r c r a f t  had nonpressurized cabins ,  comparatively 

low f l i g h t  a l t i t u d e s  (7,000-8,000 m) and low rates of climb, t h e  compression 

change exer ted  a s i g n i f i c a n t  in f luence  on t h e  p i l o t ' s  organism, s i n c e  i n  t h e s e  

planes i t  w a s  poss ib le  t o  reach considerable  ver t ical  speeds (and, consequently,  

a s i g n i f i c a n t  and r a p i d  change i n  barometr ic  pressure)  only when diving.  Under 

modem condi t ions ,  however -when p r a c t i c a l l y  a l l  a i r c r a f t  are equipped with /95 
pressur ized  cabins ,  have high ver t ical  rates of climb, and f l y  a t  a l t i t u d e s  

above 10,000 m - t h e  i n f l u e n c e  on the  p i l o t  of decompression changes has  

increased  immeasurably. 

Changes i n  barometr ic  pressure  are charac te r ized  by magnitude, dura t ion ,  

speed, and frequency . 

By t h e  magnitude of t h e  change, w e  mean t h e  d i f f e r e n c e  ( i n  mm of Hg) i n  

t h e  barometric pressure  i n  t h e  a i r c r a f t  cabin before  and a f t e r  i ts depressuri

za t ion .  For example, i f  at  an a l t i t u d e  of 15,000 meters p r i o r  t o  cabin 

depressur iza t ion  t h e  barometr ic  pressure  were 391, and 9 1  mm Hg a f t e r  de

compression (barometric pressure  a t  an a l t i t u d e  of 15,000 m), t h e  magnitude 

of t h e  decompression change a t  t h i s  a l t i t u d e  would b e  equal  t o  300 mm Hg. 

The dura t ion  of t h e  change i s  determined by t h e  t i m e  requi red  f o r  complete 

e q u a l i z a t i o n  of pressure  i n  t h e  cabin with t h e  pressure  i n  t h e  surrounding 

atmosphere a t  a given f l i g h t  a l t i t u d e .  The dura t ion  i s  expressed i n  seconds 
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o r  f r a c t i o n s  of seconds. The rate of change i s  t h e  change i n  a i r c r a f t  cabin 

p r e s s u r e  i n  mm of mercury i n  one second. The rate depends on t h e  magnitude 

and dura t ion  of t h e  change. For example, i f  t h e  magnitude of t h e  change is 
220 mm Hg and t h e  dura t ion  i s  10 seconds, t h e  rate w i l l  b e  equal  t o  22 mm Hg 

per  second. A t  a given magnitude of change, t h e  g r e a t e r  t h e  dura t ion  of t h e  

change, t h e  less i t s  rate. Consequently, t h e  lower t h e  va lue  and t h e  h igher  

t h e  dura t ion  of t h e  change, t h e  more e a s i l y  i t  w i l l  be  withstood by t h e  p i l o t ' s  

organism. 

The frequency of t h e  change i s  expressed by t h e  r a t i o  of t h e  pressure  i n  

t h e  cabin before  i t s  decompression t o  t h e  pressure  i n  t h e  surrounding at

mosphere, i .e . ,  t o  t h e  pressure  e s t a b l i s h e d  i n  t h e  cabin following decom

pression.  For example, i f  decompression of t h e  cabin took p l a c e  a t  an a l t i t u d e  

of 10,000 m a t  a cabin pressure  of 419 mm Hg and t h e  barometr ic  pressure  a t  

t h i s  a l t i t u d e  w e r e  equal  t o  199 m Hg, t h e  frequency of t h e  drop would amount 

t o  419 :199  % 2 .1 .  

Decompression may be  slow o r  r a p i d .  Slow decompression i s  observed i n  /96 
p r a c t i c e  i n  every f l i g h t ,  s i n c e ,  depending on t h e  pressure  regime adopted f o r  

pressur ized  cabins , t h e  pressure  i n  them continuously decreases  with a climb 

t o  a c e r t a i n  a l t i t u d e .  Rapid decompression may occur as t h e  r e s u l t  of t h e  

a c c i d e n t a l  decompression of t h e  a i r c r a f t  cabin a t  high a l t i t u d e s .  This form of 

pressure  change has come t o  b e  c a l l e d  explosive decompression. 

The change (decrease o r  increase)  i n  barometr ic  pressure  during h igh  

a l t i t u d e  f l i g h t s  may cause p a i n f u l  sensa t ions  i n  t h e  region of t h e  middle ear 

and t h e  accessory s i n u s e s  of t h e  nose. The more rap id  and s i g n i f i c a n t  t h e s e  

changes, t h e  more i n t e n s i v e  t h e  pa in  can be. Thei r  development i s  promoted 

by sharp  and chronic  inflammatory processes of t h e  nasopharynx. A s  a r u l e ,  

t h e s e  p a i n f u l  s e n s a t i o n s  occur during compression pressure  changes , i.e. ,w i t h  

a drop t o  an a l t i t u d e  of 3500 m o r  less. 
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A comparatively slow decompression, p a i n  i n  t h e  ears, and accessory 

s i n u s e s  i s  observed only i n  i n d i v i d u a l s  wi th  d i s e a s e s  of t h e  nasopharynx o r  

t h e  middle ear. 

Pa in  i n  t h e  ears and accessory s inuses  i n  most cases d isappear  immediately 

a f t e r  t h e  f l i g h t ,  b u t  sometimes may p e r s i s t  f o r  several hours and very r a r e l y  

f o r  several days. 

Decompression D I  SORDERS 

The most a c t i v e  e f f e c t  of a change i n  barometr ic  pressure  on t h e  organism 

has been s t u d i e d  i n  recent  decades i n  conjunct ion wi th  increased  f l i g h t  a l t i t u d e  

of a i r c r a f t .  A considerable  cont r ibu t ion  t o  t h e  s o l u t i o n  of t h i s  t imely 

problem w a s  made by Sovie t  s c i e n t i s t s ,  A. P. Apollonov, V. V. S t r e l ’ t s o v ,  

D. I. Ivanov, D. Y e .  Rozenblyum, M. P. Bres tk in ,  V. A. Spasskiy,  V. G. 

Mirolyubov, A. P. Popov, P. K. Isakov, A. G. Kuznetsov, 0. G. Garzenko and 

A. M. Genin. 

For a long t i m e  it w a s  f e l t  t h a t  a drop i n  barometr ic  p r e s s u r e  had an 

unfavorable e f f e c t  on t h e  organism only because of oxygen s t a r v a t i o n .  Of 

course,  t h e  leading f a c t o r  t h a t  causes such e f f e c t s  is oxygen s t a r v a t i o n ,  

b u t ,  as w e  have a l ready  pointed o u t ,  a t  a l t i t u d e s  above 8,000 m t h e  negat ive 

e f f e c t  of decompression acqui res  considerable  importance. So-called decom

press ion  d isorders  nay occur i n  t h e  orgaulim under t h e s e  condLtions. They a r e  /97 
accompanied by phenomena t h a t  are completely d i s s i m i l a r  t o  t h e  phenomena l inked  

t o  oxygen s t a r v a t i o n .  A t  t h e  present  t i m e ,  i t  is customary t o  d i s t i n g u i s h  

t h r e e  b a s i c  forms of decompression d isorders  : a l t i t u d e  s ickness  , a l t i t u d e  

meteorism, and a l t i t u d e  t i s s u e  emphysema. 

There are two causes which form t h e  b a s i s  of t h e  development of decom

press ion  d isorders :  

1 )  A change of gases contained i n  l i q u i d  and semi-liquid media of t h e  

organism from t h e  d isso lved  t o  t h e  gaseous s ta te ;  
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2) Expansion of gases t h a t  are i n  a free s ta te  i n  empty organs and 

cavities (lungs , g a s t r o i n t e s t i n a l  t ract ,  middle ear, accessory cavities of 

t h e  nose, f r o n t a l  s i n u s ) .  

Depending on t h e  magnitude, rate and dura t ion  of decompression, as w e l l  

as t h e  state of  t h e  organism, the degree of occurrence of decompression d e f e c t s  

may d i f f e r  from s c a r c e l y  n o t i c e a b l e  symptoms t o  i r r e v e r s i b l e  damage. The 

frequency of occurrence of d i s o r d e r s  a l s o  depends on t h e s e  c h a r a c t e r i s t i c s :  wi th  

an  i n c r e a s e  i n  t h e  magnitude, rate and dura t ion  of decompression and d e t e r i o r a 

t i o n  of t h e  s ta te  of t h e  organism, they  w i l l  increase .  

A l t i t u d e  Sicknesses 

The c h a r a c t e r i s t i c  form of decompression d isorders  of t h i s  type a r e  pains  

i n  t h e  j o i n t s ,  muscles, and t h e  t i s s u e  surrounding them. Usually they are 

observed i n  t h e  l a r g e  j o i n t s  of t h e  e x t r e m i t i e s  - i n  t h e  knees and elbows, 

and somewhat r a r e l y  a t  t h e  p o i n t s  where m u s c l e s  a r e  a t tached  t o  t h e  bones 

(or  l igaments)  and r a r e l y  i n  t h e  s m a l l  j o i n t s  of t h e  ex t remi t ies .  

Usually muscle- joint  pains develop suddenly when making some movement 

and then  increase .  I n  c e r t a i n  cases they may disappear  a f t e r  a c e r t a i n  t i m e  

i n t e r v a l  but  then r e t u r n ,  sometimes i n  a more severe  form. These pains  may be 

of d i f f e r e n t  i n t e n s i t y  , from s c a r c e l y  n o t i c e a b l e  unpleasant sensa t ions  i n  a 

p a r t i c u l a r  j o i n t  o r  muscle t o  e x c r u t i a t i n g  a t t a c k s  which f o r c e  t h e  p i l o t  t o  

descend o r  even abandon t h e  f l i g h t .  

When t h e  p i l o t  i n  f l i g h t  i s  i n  a r e s t i n g  s ta te ,  i . e . ,  i s  n o t  making 

movements, muscle- joint  pains  u s u a l l y  show up t o  a lesser degree,  bu t  during 

any kind of movement o r  phys ica l  work they appear more f requent ly  and i n  a 

more severe form. 
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They u s u a l l y  develop a t  an a l t i t u d e  of 8,000 m o r  more and i n  t h e  major i ty  

of cases during t h e  f i r s t  30 minutes of s t a y i n g  a t  a s p e c i f i c  a l t i t u d e ,  bu t  

they may a l s o  occur a f t e r  several hours of  h igh-a l t i tude  f l i g h t .  
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When descending t o  6,000-7,000 m o r  less, the muscle-joint pains  

disappear ,  but  f r e q u e n t l y  t h e r e  is  some r e s i d u a l  s e n s a t i o n  of discomfort  i n  the 

a f f e c t e d  j o i n t  o r  muscle, and t h e r e  is a f e e l i n g  of genera l  weakness and 

exhaustion. A l l  of t h e s e  phenomena disappear  completely a f t e r  several hours  

fol lowing t h e  f l i g h t ,  o r  i n  s e r i o u s  cases af ter  a n i g h t ' s  rest. 

I f  t h e  pa ins  d isappear  fol lowing descent t o  an a l t i t u d e  below 8,000 m y  

they may r e t u r n  when t h e  p i l o t  climbs again t o  h i s  o r i g i n a l  a l t i t u d e .  Cases 

are known when t h e  moderate muscle-joint pains  disappeared a f t e r  a s h o r t  t i m e  

a t  t h e  same a l t i t u d e  at  which they developed. 

Other forms of a l t i t u d e  s i c k n e s s  a re :  i t c h i n g  of  t h e  s k i n ,  a l t i t u d e  

coughing, r e t r o s t e m a l  pa in ,  pains  along t h e  r o o t s  of t h e  nerve t r u n k s ,  and 

dis turbances r e l a t e d  t o  t h e  s t i m u l a t i o n  of t h e  h i g h e r  s e c t i o n s  of t h e  c e n t r a l  

nervous system. 

I t c h i n g  of t h e  s k i n  resembles t h e  i t c h i n g  t h a t  develops fol lowing t h e  

b i t i n g  of i n s e c t s .  It i s  comparatively f requent ly  combined w i t h  muscle-joint 

pa ins ,  but  may develop independently.  I n  terms of i n t e n s i t y ,  i t  may be mild 

t o  i n t o l e r a b l e  , completely d i s r u p t i n g  t h e  working a b i l i t y  of t h e  ind iv idua l .  

Most f requent ly ,  t h e  i t c h i n g  i s  l o c a l i z e d  on t h e  s k i n  of t h e  back, ches t  and 

stomach. I n  t h e  a f f e c t e d  areas, redness and edema appear, reminiscent of 

u r t i c a r i a .  I n  some people,  t h e  i t c h i n g  of t h e  s k i n  develops every t i m e  they 

go above 8,000 m. 

A l t i t u d e  coughing begins  with an unpleasant s e n s a t i o n  and t i c k l i n g  i n  t h e  

t h r o a t .  Then d e f i n i t e  coughing movements develop, which change t o  severe 

a t t a c k s  of coughing. This d i s r u p t s  r e s p i r a t i o n  and c i r c u l a t i o n ,  s o  t h a t  i t  

is f requent ly  observed t o  t u m  i n t o  a more severe condi t ion.  A t  t h e  f i r s t  

s i g n s  of such a d is turbance ,  t h e  p i l o t  must immediately descend t o  an a l t i t u d e  /99 
of 6,000-7,000 m i n  o r d e r  t o  avoid t h e  unpleasant consequences. 

R e t r o s t e m a l  pains  may develop simultaneously w i t h  a l t i t u d e  coughing o r  

completely separa te ly .  This  form of pa in  i s  reminiscent of t h e  pa in  t h a t  i s  
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c h a r a c t e r i s t i c  of s tenocard ia .  I n  rare cases ,  i t  may a l s o  be accompanied 

by a c t u a l  s t e n o c a r d i a ,  e s p e c i a l l y  aga ins t  a background of oxygen i n s u f f i 

ciency. I n  c o n t r a s t  t o  t r u e  s tenocard ia ,  r e t r o s t e m a l  pains  disappear  

comparatively r a p i d l y  fol lowing descent t o  an a l t i t u d e  of 6,000-7,000 m. 

Sometimes pains  develop along t h e  pathways of t h e  nerve t runks ,  and t h i s  

may b e  i n  conjunct ion wi th  p a r e s i s ,  l o s s  of s k i n  s e n s i t i v i t y ,  and even 

p a r a l y s i s  of t h e  e x t r e m i t i e s .  

An extremely rare but  very dangerous form of a l t i t u d e  s ickness  i s  t h e  

d isorders  t h a t  occur as t h e  r e s u l t  of damage t o  t h e  h igher  s e c t i o n s  of t h e  
c e n t r a l  nervous system. The p i c t u r e  of t h e  development of such dis turbances 

i s  complex and d iverse .  Usually t h e  f i r s t  s t a g e  is marked by pronounced s i g n s  

of card iovascular  i n s u f f i c i e n c y ,  d i s r u p t i o n  of r e s p i r a t i o n ,  pulmonary edema, 

d izz iness  , paleness  , excess ive  p e r s p i r a t i o n ,  f a t i g u e ,  b l u r r i n g  of v i s i o n ,  and 

t o t a l  l o s s  of consciousness.  Sometimes lo s s  of consciousness may occur 

suddenly. I n  t h e  fore ign  l i t e r a t u r e ,  t h e r e  a r e  d e s c r i p t i o n s  of a c t u a l  f a t a l  

outcomes i n  t h i s  kind of decompression. According t o  American d a t a ,  one such 

case occurred i n  100-200 thousand climbs t o  an a l t i t u d e  of 8,000 m o r  more. 

A f t e r  making t h e i r  appearance under condi t ions of decompression, t h e  d e f e c t s  

which involve i r r i t a t i o n  of t h e  c e n t r a l  nervous system are l a r g e l y  reduced o r  

completely disappear  upon descending t o  an a l t i t u d e  of  6,000-7,000 m. A s t a t e  

of apparent well-being ensues.  However, a f t e r  a s h o r t  t i m e ,  sometimes 10 t o  

14 hours l a te r ,  t h e  s ta te  of t h e  i n d i v i d u a l  d e t e r i o r a t e s  sharp ly .  There a r e  

progress ive ly  i n c r e a s i n g  symptoms of damage concentrated i n  t h e  c e n t r a l  nervous 

system, combined with symptoms of cardiovascular  i n s u f f i c i e n c y ,  d e s t r u c t i o n  

of r e s p i r a t i o n ,  and pulmonary edema. 

I n  v i e w  of t h e  c h a r a c t e r i s t i c s  of occurrence and t h e  danger of t h e  processes  

involved i n  these  d e f e c t s ,  it is recommended t h a t  t h e i r  unfavorable consequences 

be prevented during t h e  f i r s t  hours following a climb by providing t h e  p i l o t  /lo0 

with  rest and l i m i t i n g  h i s  phys ica l  stress. 
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S p e c i a l  a t t e n t i o n  mist be given t o  people i n  whcm symptoms of n o t  f e e l i n g  

w e l l ,  dizzin.ess,  headache, weakness, and e s p e c i a l l y  b l u r r i n g  of v i s i o n  o r  l o s s  

of consciousness appear under condi t ions of decompression. Following descent ,  

they should have cov.plete rest f o r  s e v e r a l h o u r s .  I n  case of d e t e r i o r a t i o n  of 

t h e i r  condi t ion,  they must be immediately brought t o  a c l i n i c  i n  a n  ambulance, 

with appropr ia te  precaut ions being taken. Proper  f i r s t  

a i d  and m e d i c a l  a s s i s t a n c e  rendered by q u a l i f i e d  personnel  can produce a 

favorable  outcome even i n  very s e r i o u s  cases .  

The frequency of occurrence of decompressiondisorders ( a l t i t u d e  s icknesses)  

i s  increased  with t h e  i n c r e a s e  i n  magnitude, dura t ion ,  and r a t e  of decom

press ion ,  and a l s o  t h e  phys ica l  stress. This i s  i n d i c a t e d  by d a t a  which a r e  

l i s t e d  i n  Tables 9-11. I n  t h i s  regard,  t h e r e  are no d e f i n i t e  and s t r i c t l y  

r e g u l a r  r e l a t i o n s h i p s .  

According t o  t h e  d a t a  of c e r t a i n  h e r i c a n  i n v e s t i g a t o r s ,  t h e  frequency of / l o 1  
developrrent of decompression d isorders  a t  a l t i t u d e s  of 8,500-9 ,000 m f o r  more 

than 15 min may reach 40%, and a t  a l t i t u d e s  of 11,500-12,000 m - 95% of t h e  

t o t a l  n m b e r  of ascents .  

It has  been e s t a b l i s h e d  t h a t  under i d e n t i c a l  condi t ions ,  decompression 

pains  m y  occur i n  some people and be completely a b s e n t  i n  o t h e r s .  Even i n  

t h e  same i n d i v i d u a l  under t h e  same condi t ions,  on some days t h e r e  may be 

d i f f i c u l t i e s  and none on o thers .  It i s  a l s o  t r u e  t h a t  f o r  some people they 

develop every t i m e  at the  s a m e  a l t i t u d e  and i n  a c e r t a i n  sequence. 

Many i n v e s t i g a t o r s  f e e l  t h a t  t h e  development of t h e s e  decompression 

d e f e c t s  is fur thered  by extreme f a t i g u e  of t h e  organisni caused. by over - t i redness ,  

a s ta te  of i l l n e s s ,  i n s u f f i c i e n t  s l e e p ,  use of a lcohol  o r  excess ive  smoking, 

as w e l l  as general  and 1oca.l overcooling, s i t t i n g  i n  a s i n g l e  p o s i t i o n ,  t i g h t  

and uncomfortable c lo th ing .  

It is a l s o  known t h a t  ind iv idua ls  with metabolism d i s o r d e r s  (excess weight) 

and persons of advanced age more o f t e n  show s i g n s  of decompression d e f e c t s .  
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7.6 

I 
92 

111 

TA.BLE 9. 
(Hitchcock, 1959) 

. . . .  

A l t i t u d e ,  m Number of ascents  i No. of cases with 
s i g n s  of pa in ,  % 

. - -__ . .  . -

l o  y 000 92 II 55 

7.6 
11,000 111 

TAELE LO. 

(D. Ye .  Rozenblyum, 1953) 


i 1 
A l t i t u d e ,  m T i m e  spent  a t  No. of cases with 

- -~ I a l t i t u d e ,  min signs of pa in ,  % 
-

8 000 120 5 -- .  

10 2 .3  
10-20 9.6 

10 y 000 20-30 16.7 
30-40 18.1 

more than  40 53.3 

TABLE 11. 

Frequency of  d i sorders  (XI 
with r a t e  of drop, 

mm H g  cm/sec. 
Conditions of ascent  t o  a l t i t u d e  
of 11,600 m 

- - . . . . . . . . . . . . .  - . . -. - . - . 

Without phys ica l  stress ............ 

With stress ........................ 24:
 55 62.2 

This  ev ident ly  has t o  do with a d e t e r i o r a t i o n  of blood c i r c u l a t i o n  and a slower 

l i b e r a t i o n  of n i t r o g e n  through t h e  lungs.  

Frequent ly ,  decompression pains  develop i n  t h e  sites of o ld  wounds and 

bone breaks.  
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The f a c t  that when t h e  barometr ic  pressure  f a l l s  (decompression) an 

i n d i v i d u a l  can develop c e r t a i n  d i s o r d e r s  has  been known f o r  more than 100 years .  

It w a s  f i r s t  discovered i n  connection with t h e  work of ca isson  workers and I102 

d ivers .  However, t h e  reason f o r  t h e s e  d is turbances  remained unknown �or  a long 

per iod  of t i m e  and var ious  hypotheses and t h e o r i e s  w e r e  expressed. 

A t  t h e  present  t i m e ,  t h e  ca isson  (ni t rogen o r  gas) theory of development 

of h igh-a l t i tude  s ickness  is t h e  one t h a t  i s  most genera l ly  accepted. According 

t o  t h i s  theory,  t h e  p a i n  i s  caused by t h e  passage of n i t r o g e n  i n t o  t h e  t i s s u e s  

and i n t o  the  blood from t h e  d isso lved  t o  t h e  gaseous s t a t e  due t o  a s i g n i f i c a n t  

drop i n  barometr ic  pressure.  The pains  t h a t  then develop a r e  th.e r e s u l t  of 

mechanical a c t i o n  (pressure)  on t h e  nerve endings of gas bubbles t h a t  are 

formed i n  the  t i s s u e s  o r  t h e  r e s u l t  of plugging of small blood vessels by gas 

bubbles t h a t  form i n  t h e  blood. 

According t o  t h e  l a w  of d i f f u s i o n  of gases between t i s s u e s ,  l i q u i d ,  and 

semi-liquid media of an organism, on t h e  one hand, and t h e  e x t e r n a l  mediun 

(atmosphere) on t h e  o t h e r ,  t h e r e  i s  a c e r t a i n  gaseous equi l ibr ium. The 

component p a r t s  of t h e  air  are dissolved i n  t h e  blood i n  c e r t a i n  amounts. It 

has been e s t a b l i s h e d  experimental ly  t h a t  a t  normal atmospheric pressure  

(760 m Hg) 100 cc of blood can conta in  about 1.5 cc of  n i t rogen ,  0.36 cc of 

oxygen and 2.7 cc of carbon dioxide in. solu.t ion.  The n i t r o g e n  d isso lves  

f a s t e s t  and t o  t h e  g r e a t e s t  e x t e n t  i n  t h e  f a t s  c f  t h e  organism. A t  n o m a 1  

body temperature and berometr ic  pressure ,  n i t rogen  is d isso lved  i n  them about 

s i x  t i m e s  nore than i n  t h e  blood. A t  a given pressure ,  t h e  t i s s u e s  of t h e  

organism are completely s a t u r a t e d  with a tnospher ic  n i t rogen .  This means t h a t  

t h e  body of a man of average weight contains  about 1.5 l i ters of n i t r o g e n  i n  

s o l u t i o n .  

Liquid and semi-liquid media of t h e  organism may be oversa tura ted  with 

gases.  I n  t h i s  case, t h e  process  of solu.t ion of gases i s  i n t e r r u p t e d .  This 

s ta te  of t h e  medium i s  c h a r a c t e r i z e d  by t h e  s a t u r a t i o n  c o e f f i c i e n t .  For 

nitrogen., t h i s  c o e f f i c i e n t  i s  e q u a l  t o  approxinately 2.25, bu t  t h e  gas i s  s t i l l  

i n  a dissolved s ta te  and no gas bubbles are forned. A t  barometr ic  pressure  

106 



corresponding t o  an a1titd.e. of more than  8,UOO a, t h e  s u p e r s a t u r a t i o n  co


e f f i c i e n t  with n i t r o g e n  reaches a value of about 2.5. Under t h e s e  con.dit ions,  


t h e  n i t r c g e n  pressure  i n  t h e  t i s s u e s  and t h e  blood becomes h igher  than its 


p a r t i a l  p ressure  i n  t h e  a l v e o l a r  a i r  of t h e  1u.ngs. As a r e s u l t ,  according t o  


Dalton's l a w ,  t h e  nitrogen. i n  t h e  t i s s u e s  and t h e  blood passes  from t h e  
/10 3 

disso lved  state i n t c  t h e  gaseous s t a t e ,  forming gas bubbles. 

As w e  have a l ready  mentioned, deconpression pains  disappear  a f t e r  a s h o r t  

t i m e  has  e lapsed a . f te r  an a l t i t u d e  of 8,000 m o r  more i s  reached ( i n  a de

conpressed cabin) .  This  is explained by t h e  f a c t  t h a t  a c e r t a i n  per iod of 

t i m e  i s  requi red  t o  form t h e  bEbbles of n i t rogen  an.d make them grow; t h i s  t i m e  

decreases  as  t h e  degree of s u p e r s a t u r a t i o n  of t h e  t i s s u e s  wi th  n i t r o g e n  

increases  and th.e dura t ion  of decompression decreases.  Bubbles form t o  t h e  

g r e a t e s t  degree i n  t h e  t i s s u e  of organisms t h a t  a r e  r i c h  i n  f a t .  

Since t h e  removal of n i t rogen  from t h e  t i s s u e s  takes  p lace  e s s e n t i a l l y  

through the  blood v e s s e l s ,  t i s s u e s  wi th  an i n s u f f i c i e n t l y  developed vascular  

network have a much more d i f f i c u l t  t i r e  and are slower i n  g e t t i n g  r i d  of t h e  

excess ni t rogen.  Development of pa in ,  p r imar i ly  i n  t h e  j o i n t s ,  i s  explained 

p r e c i s e l y  by t h e  f a c t  t h a t  th.e bursae of the  j o i n t s  are poorly endowed with 

blood v e s s e l s .  

The gas theory of decoapression pain is supported by x-ray s t u d i e s .  During 

muscle-j0in.t pa ins ,  x-ray p i c t u r e s  f requent ly  show gas bubbles i n  t h e  a f f e c t e d  

j o i n t  o r  t h e  t i s s u e  surroun-ding i t  (Figures 2 1  and 2 2 ) .  The concepts of t h i s  

theory a r e  supported by experimects with prel iminary "washing out" of ni t rogen  

from the  organism (desa tura t ion)  by brea th ing  pure oxygen. 

The essence of d e s a t u r a t i o n  i s  the  f a c t  t h a t ,  when pure oxygen is  breathed,  

t h e  p a r t i a l  p ressure  of t h e  n i t r o g e n  i n  t h e  a l v e o l a r  a i r  decreases  rap id ly  and 

a d i f f e r e n c e  between t h e  p a r t i a l  p ressure  of n i t rogen  of t h e  a l v e o l a r  a i r  of 

t h e  lungs and i t s  pressure  i n  t h e  venom blood develops. 
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Figure 21. Gas bubbles i n  t h e  
area of t h e  human knee j o i n t  
( a l t i t u d e  12,000 m y  desatura
t i o n  with respec t  t o  n i t r o g e n  
not  perfomed.) . 

Figure 22. G a s  bubbles i n  t h e  
c e r e b r a l  con.volu.tions of a dog. 

Consequently, t h e  n i t rogen  passes  from t h e  blood i n t o  t h e  a l v e o l a r  a i r  

and is  expel led i n t o  t h e  atnosphere with every brea th .  Returning from t h e  

lungs t o  t h e  t i s s u e s ,  t h e  blood again i s  s a t u r a t e d  wi th  n i t r o g e n ,  again goes 

t o  t h e  l uqs  where the  process of d e s a t u r a t i o n  con.tinues. With each c i rcu

l a t i o n  of t h e  blood, t h e  pressure  of n i t rogen  i n  t h e  t i s s u e s  and blood de

creases. Af te r  brea th ing  pure oxygen f o r  an hcur  i m e d l a t e l y  b e f a r e  a s c e n t ,  

a s  a r u l e ,  t h e  p o s s i b i l i t y  of deve1oprr;en.t of deccmpression d i s o r d e r s  f o r  t h e  

next  two t o  t h r e e  hours a t  a l t i t u d e s  u.p t o  12,000 m i s  prevented. Therefore,  

a l l  of the  laboratory tests t h a t  involve "ascents" of i n d i v i d u a l s  i n  a baro

cha.mber t o  a l t i t u d e s  above 7,000 m are conducted wi th  a necessary prel iminary 

d e s a t u r a t i o n  of t h e  organism f o r  a per iod of t i m e  no less than 1 hour. 

S tudies  c-onducted i n  recent  years  have shown t h a t  gas bubbles i n  t h e  / l o 5  

t i s s u e s  during decompression may be famed as a r e s u l t  of t h e  t r a n s i t i o n  t o  

a gaseous s ta te  not  only of n i t rogen  but  a l s o  carbon d ioxide  and oxygen. This  
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is  explained by t h e  f a c t  t h a t  decompression pains  occur most f requent ly  i n  t h e  

case of active muscular work, which, as w e  know, is  accompanied by an increase 

i n  t h e  formation of carbon dioxide i n  t h e  t i s s u e s .  There is a b a s i s  f o r  

b e l i e v i n g  t h a t ,  a t  t h e  very beginning of developrrient of deconpression d i s o r d e r s ,  

due t o  t h e t r a n s i t i o n  of carbon d i o x i d e t o  t h e  gaseous state, the f i r s t  gas 

nuc.lei a.re formed, which then  grow as a r e s u l t  of subsequent d i f f u s i o n  of 

n i t rogen  i n t o  them and become bubbles. 

According t o  t h e  o ther  theory which is c a l l e d  t h e  " fa t"  theory,  one of 

t h e  p c s s i b l e  causes f o r  development of decompression pains  i s  a f a t t y  embolism 

- blocka.ge of blood vessels by s m a l l  d r o p l e t s  of f a t .  

A s  w e  know, t h e  p r i n c i p a l  m a s s  of t h e  n i t rogen  dissolved i n  t h e  organism 

is contained i n  t h e  f a t t y  t i s s u e .  Therefore ,  under condi t ions of deconpression, 

the  gas bubbles nay i n i t i s l l y  be formed i n  the  f a t t y  c e l l s  and break them up. 

Erople t s  of f a t  and l i p i d s  from t h e  broken f a t t y  cel ls  may t r a v e l  along t h e  

lymph pathways i n t o  t h e  general  c i r c u l a t i o n  G f  t h e  blood and f i n a l l y  block t h e  

sniall  blood v e s s e l s .  A s  a r e s u l t ,  p a i n f u l  s e n s a t i o n s  occur. 

I n  t e s t s  of animals that w e r e  s p e c i a l l y  exposed t o  t h e  a c t i o n  of explosive 

decGmpression, i n v e s t i g a t o r s  have frequen.t ly seen blockage of  blood vessels 

by d r o p l e t s  c f  f a t  (embolism). 

It should be  pointed out  t h a t  t h e  " f a t  theory'' does not  exclude t h e  gas 

theory;  both. t h e o r i e s  a r e  e q u i p r o b A l e  t o  a c e r t a i n  ex ten t .  

Prevent ive Pieasures. One of t h e  most important ways of prevent ing de

compressions d i s o r d e r s  a t  high a l t i t u d e s  i s  p r e s s u r i z a t i o n  of a i rc ra . f t  cabins.  

The pressure i n  t h e  pressur ized  cabin m u s t  not f a l l  below 267 mm Hg, which 

corresponds t o  an a l t i t u d e  of 8,000 meters. The pressure  i n  t h e  pressur ized  

cabins of modem m i l i t a r y  a i r c r a f t  i s  regulated automatical ly  depending on t h e  

f l i g h t  a1t i t u d e  , and u,~?st exceec! t h e  pressure  of t h e  surrounding atmosphere by / l o 6  

220-300 mm I-!& (by 0.3-0 . r~  atm) . 
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A second e f f e c t i v e  method of prevent ing decompressiondisordersis t h e  

d e s a t u r a t i o n  of  t h e  organism with respec t  t o  n i t r o g e n  by b r e a t h i n g  pure oxygen 

p r i o r  t o  ascent .  For t h i s  purpose, a v i a t i o n  oxygen s y s t e m  may be eaployed. 

When brea th ing  pure oxygen, a t h i r d  of the n i t r o g e n  d isso lved  i n  t h e  t i s s u e s  

is removed from t h e  organism during t h e  f i r s t  10 t o  15 minutes,  wi th  t h e  most 

of i t  being disposed of  during t h e  first 3-4 minutes. The remaining 2/3  of 

t h e  n i t r o g e n  i s  excreted r a t h e r  slowly. For complete d e s a t u r a t i o n  of t h e  

organism with r e s p e c t  t o  n i t rogen ,  i t  is  necessary t o  b r e a t h e  pure oxygen f o r  

a t  least 5 hours.  W e  should. no te  t h a t  absolute  removal o f  n i t r o g e n  from t h e  

organism can never  be achieved, s i n c e  m d i c a l  oxygen used f o r  r e s p i r a t i o n  

ccnta ins  about 2% n i t rogen .  

Prolonged d e s a t u r a t i o n  of t h e  organism wi th  respect  t o  n i t r o g e n  is  

accompanied by a number o f  disadvantages.  On t h e  b a s i s  of t h e  barochamber 

experiments under condi t ions  of high r a r e f a c t i o n  of t h e  atnosphere,  i t  has been 

found t o  be completely poss ib le  t o  reduce t h e  d e s a t u r a t i o n  t i m e  t o  1 hour. 

Although n i t rogen  s t i l l  remains i n  t h e  organism under t h e s e  condi t ions,  de

compressicn pains  develop much nore r a r e l y  and disappear  a f t e r  tak ing  a much 

milder  f o m .  

Unfortunately,  t h i s  method of  prevent ion is not  used i n  a v i a t i o n  at t h e  

present  t ime,s ince  t h e  p i l o t  must remain f o r  a long time i n  t h e  a i r c r a f t  cabin. 

It is  t r u e  t h a t  i f  w e  proceed on t h e  b a s i s  of t h e  f a c t  tha t ,under  e x i s t i n g  

pressure  modes i n  pressur ized  cabins and nornial condi t ions  of f l i g h t ,  t h e  

developuient of deconpression problems i s  excluded, t h e r e  i s  no real  need f o r  

prel jminary d e s a t u r a t i o n  of t h e  organisni with respec t  t o  n i t rogen .  

A c e r t a i n  amount of prevent ive  s i g n i f i c a n c e  has  been acquired by t h e  mode 

of using oxygen devices, switching them on a t  t h e  monent t h e  f l i g h t  begins.  

During t h e  f l i g h t ,  t h e r e  i s  a p a r t i a l  desa.tura.tion of t h e  organism with respec t  

t o  n i t rogen ,  and i n  t h e  case of decompression of the  cabin. a t  g r e a t  a l t i t u d e s  

t h e  danger of s e r i o u s  decompression d isorders  is reduced t o  a considerable  

e x t e n t ,  b u t  not  conple te ly  exclu.ded, e s p e c i a l l y  i f  decompression occurs soon 

a f t e r  takeoff  (incomplete desa tura t ion)  . 
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A l t i t u d e ,  m 

-. - . ... .. . __ 

0 
5 500 
8 400 

10 300 
11 600 
12 400 
14 000 
16 000 
20 000 

TABLE 12. 

I
- --- . . ~ - .- -. -

Barorcetric pressure,  Increase  f a c t o r  
a t  m of gas volume 

-

1 	 1 
2 
3 

4 
5 

6 

7 

10 
20 

A l t i t u d e  Meteorism 

A l t i t u d e  meteorism ( d i s t e n t i o n  o f  t h e  stcmach) i s  caused by an i n c r e a s e  / l o 7  

of t h e  volume of t h e  gases i n  t h e  g a s t r o i n t e s t i n a l  t ract  and t h e  a i r  which i s  

swallowed cji th food. Gnder ord inary  condi t ions,  the gases which are always 

found t o  some exten t  i n  t h e  stors,ch and e s p e c i a l l y  i n  t h e  l a r g e  i n t e s t i n e  a r e  

under a pressure  equal  t o  atrcospheric pressure.  When t h e  barometr ic  pressure  

decreases  following a climb t o  a c e r t a i n  a l t i t u d e ,  t h e s e  gases and t h e  a i r  

expand end i n c r e a s e  i n  volume. With f r e e  expansion, t h e  volune of any gas 

increases  t o  the  same e x t e n t  t h a t  t h e  a tnospher ic  pressure  decreases .  This is 

c l e a r  from Table 12,  where f c r  t h e  s a k e  of an example we have l i s t e d  t h e  d a t a  

regarding t h e  r e l a t i v e  change i n  t h e  u n i t  voltme of a gas (dry a i r )  wi th  

a l t i t u d e .  

During zn ascen.t , t h e  g ~ s e si n  t h e  gas t ro in tes t . ina1  t ract  i n c r e a s e  in 

volume t o  6 1.esser degree than dry a i r  under condi t ions of f r e e  expansion, 

s i n c e  i n  t h e  f i r s t  p lace  a h i g h e r  p r e s s u r e  i s  ma.intained i n  t h e  cabin than  i n  

t h e  surround.ing etmosphere, and i n  t h e  second p lace  t h e r e  i s  e las t ic  r e s i s t a n c e  

of t h e  w a l l s  of t h e  g a s t r o i n t e s t i n a l  tract  and t h e  muscles of t h e  abdominal 

p re lum.  
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Due t o  expansion of t h e  gases an& t h e  a i r  i n  the g a - s t r o i n t e s t i n a l  t r ac t ,  

t h e  dizphragm i s  displaced. upward. This  ca.Gses a reduct ion  of t h e  ckpth o f  

r e s p i r a t i o n ,  v i ta l  capac i ty  of t h e  lungs,  and p u h o m r y  v e n t i l a t i o n .  I n  

addi.tion, t h e  flow of t h e  blood t c  the h e a r t  i s  m i d e  more d i f f i c u l t  and 

c i r c u l a t i o n  i s  disrupted.  

As a. r e s u l t  o f  t h e  expansion of t h e  gases ,  t h e  walls of t h e  stomach and 

i n t e s t i n e  s t r e t c h ,  and t h e  s e n s i t i v e  nerve endin.gs i n  them are mecha.nically /108 
s t imula ted  (by t h e  pressure)  , causing p a i n f u l  s e n s a t i c n s  i n  t h e  stomach. The 

frequep.cy of Gcclirrence of f e e l i n g s  of bulging,  heavin.ess, and p a i n  i n  t h e  

stomach a.nd t h e i r  i n t e n s i t y  increase.  with i n c r e a s i n g  magnitude and rate o f  

decompression, and a l s o  when using foods t h a t  cause cons iderable  gas f o m a t i o n .  

Sharp pa ins  i n  t h e  s t o m c h  nay b e  t h e  cause. f o r  d .e te r iora t ion  of t h e  t o t a l  

condi t ion (weakness, cold sweat, severe slowing down o r  speeding up of t h e  

p u l s e  and r e s p i r a t i o n  , belch ing ,  f a t i g u e  , nausea, s l i g h t  b l u r r i n g  of v i s i o n  

may develop) and r e f l e x e s  are t r igge.red t h a t  i n h i b i t  t h e  h e a r t  a c t i v i t y .  Agai.nst 

t h i s  background, one may f requent ly  see i n h i b i t i o n  of t h e  a c t i v i t y  of t h e  c e n t r a l  

nervous systerri m d  a d m p  i n  working Z b i l i t y .  

A l t i t u d e  neteorism may occcr  when t h e  feeding regime is  d i s r u p t e d ,  during 

emergency depressur iza t ion  of t h e  czbin,  o r  ciuring h i g h  a l t i t u d e  tes t  "ascents" 

i n  t h e  barcchanber. A rap id  drop t o  a safe a l t i t u d e  g e t s  r i d  of p r o b l e m  of 

t h i s  s o r t  and norrr,al sensa t ions  re turn .  

I n  many cases  , with  comparatively slow decompression, t h e  bulging of t h e  

stomach f o r  a s h o r t  t i m e  is reduced by release of gases  from t h e  i n t e s t i n e s  

and from t h e  stomach as a r e s u l t  of belching. The pa in  of t h e  stomach is  

r e l i e v e d  following this  ac t ion .  

To prevent a l t i t u d e  meteorism, t h e  following are recommended: 

a) The r a t i o n  t o  b e  e a t e n  before  f l i g h t  should exclude products which 

produce l a r g e  volumes of gas (peas,  beans,  e t c . ) ;  

112 




I I111111 I I I I I 

b)  k"mdiate1y b e f o r e  f l i g h t ,  t h e  i n t e s t i n e s  should be emptied 

( e s p e c i a l l y  by persons who are s u b j e c t  t o  accumulation of gas i n  t h e  stomach) 

as w e l l  as the  ur inary  bladder;  

c) The func t ions  of  t h e  g a s t r o i n t e s t i n a l  t ract  should be kept: i n  a 

normal state. 

A l t i t u d e  Tissue  Emphysema 

A l t i t u d e  t i s s u e  emphysema (subcutaneous s w e l l i n g ) ,  un l ike  a l t i t u d e  p a i n ,  

develops with a much g r e a t e r  r a r e f a c t i o n  of atmosphere a t  high a l t i t u d e s .  

The development of a l t i t u d e  t i s s u e  emphysema is  l inked t o  t h e  formation 

of w a t e r  bubbles i n  t h e  t i s s u e s  due t o  a sharp drop i n  pressure and b o i l i n g  /109 
poin t  (bubble formation) of water.  

It i s  c l e a r  from physics  t h a t  t h e  b o i l i n g  poin t  o f  w a t e r  decreases wi th  

a l t i t u d e ,  i .e . ,  with a decrease i n  barometr ic  pressure  (Table 13).  This l a w  

i s  obeyed by both l i q u i d  and semi-liquid phys io logica l  media i n  t h e  body. I f  

w e  assume t h a t  t h e  b o i l i n g  p o i n t  of t h e s e  media is c l o s e  t o  t h e  temperature 

a t  which w a t e r  b o i l s ,  w e  can expect t h a t  a t  t h e i r  usua l  temperature (about 

+37OC) b o i l i n g  (bubble formation) w i l l  t ake  p l a c e  a t  atmospheric pressure  equal  

t o  47 mm Hg ( t h i s  pressure  corresponds t o  an a l t i t u d e! 8 of about 19,200 m) . 

_ ?  . -

A l t i t u d e ,  m 

16OOO 
18 000 
20000 
25 000 
30 000 

TABLE 13. 
. -..- -.-

~ 
-

Barometric pressure ,  
mm Hg- ...-- 

760 


77 
56 

41 
19 
9 

Boil ing point  
of w a t e r ,  O C  
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Experiments conducted i n  a barochamber on animals confirm t h i s  v i e w .  

Thus, f o r  example, i t  has been found t h a t  a t  a given p r e s s u r e  (47 mm Hg) , 
even wi th  s u f f i c i e n t  s u p p l i e s  of oxygen, subcutaneous s w e l l i n g  develops i n  

animals a f t e r  several seconds ( r a r e l y  as long as 3-5 minutes) and r a p i d l y  

develops i n  t h e  areas of  the neck, back, and stomach. 

The development of a l t i t u d e  t i s s u e  emphysema is  as follows. As a r e s u l t  

of t h e  b o i l i n g  of t h e  b i o l o g i c a l  l i q u i d  i n  t h e  l o o s e s t  t i s s u e s  (panniculus 

adiposus,  f a t t y  t i s s u e )  , bubbles of  w a t e r  vapor are formed. Due t o  d i f f u s i o n  

of n i t rogen  and carbon dioxide dissolved i n  t h e  t i s s u e s ,  t h e  bubbles begin t o  

expand gradual ly .  A f t e r  they reach a c e r t a i n  s i z e  and p r e s s u r e  of t h e  water 

vapor and gases,  t h e s e  bubbles overcome t h e  e las t ic  and p l a s t i c  forces  of t h e  

t i s s u e  and d i s t u r b  t h e i r  s t r u c t u r e .  It is a t  t h i s  t i m e  t h a t  t h e  rap id  growth 

of emphysematous bubbles (swel l ings)  begins.  
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The process of b o i l i n g  (bubble formation) may b e  observed i n  o t h e r  s o f t  

t i s s u e s ,  as w e l l  as i n  cavities which have a serous l i q u i d  i n  them ( t h e  stomach, 

p l e u r a l  c a v i t y ,  j o i n t s ) .  

There i s  a theory,  based on a number of s t u d i e s ,  t h a t  t h e  i n i t i a l  bubbles 

conta in  n i t r o g e n  and carbon dioxide.  But t h e  p r i n c i p a l  component is st i l l  

water vapor. 


when t h e  p i l o t  descends t o  an a l t i t u d e  of 18,000 meters o r  less. 


This  i s  i n d i c a t e d  by t h e  f a c t  t h a t  t h e  bubbles gradual ly  disappear  

Under similar condi t ions  , and i n  man, subcutaneous swel l ings  a l s o  appear 

on t h e  exposed p a r t s  of t h e  body (Figure 23) .  Under t h e s e  condi t ions ,  it 

usua l ly  p laces  a stress on t h e  s k i n  and very r a r e l y  causes  s l i g h t  pain.  I f  

t h e  phenomenon spreads t o  t h e  j o i n t s ,  t h e i r  mobi l i ty  may be l i m i t e d  and t h e  

performance of working opera t ions  w i l l  be  i n h i b i t e d .  Emphysema rap id ly  dis

appears when t h e  p i l o t  descends t o  a l t i t u d e s  below 18,000 m. 

A l t i t u d e  t i s s u e  emphysema, as  a l o c a l  process t h a t  i s  l i m i t e d  t o  a c e r t a i n  

p a r t  of t h e  exposed s u r f a c e  of t h e  body, poses no direct danger t o  l i f e .  
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p =  760 ,mm Hg .im. 

Figure 23. A l t i t u d e  t i s s u e  emphysema of a c y s t .  

To prevent a l t i t u d e  t i s s u e  emphysema, s p e c i a l  devices  are used which 

create a d d i t i o n a l  (compensating) pressure  (50-60 mm of w a t e r  column) on t h e  /111 

exposed s u r f a c e  of t h e  human body. These inc lude  compensating gloves and 

socks. 

Explosive De-compressi o n  

Explosive decompression i s  a sudden, sharp  drop i n  barometr ic  pressure  as 

t h e  r e s u l t  of a c c i d e n t a l  breakdown i n  t h e  p r e s s u r i z a t i o n  of an a i r c r a f t  cabin.  

Explosive decomp.ression i s  a p a r t i c u l a r  case of decompression i n  general .  

Theref o r e ,  everything t h a t  has been s a i d  about the  inf luence  of decompression 

on t h e  organism i s  completely v a l i d  when r e f e r r i n g  t o  explosive decompression. 

W e  should only mention t h e  s p e c i f i c  aspec ts  of i t s  e f f e c t .  I n  explos ive  de

compression, a very important i n f l u e n c e  i s  exer ted  not  only by t h e  sharp  drop 

i n  barometr ic  pressure  i t s e l f  i n  t h e  cabin,  but  a l s o  by t h e  high nervous and 

emotional stress caused by t h e  emergency s i t u a t i o n .  

Therefore ,  explos ive  decompression -being a powerful and unusual 

s t imulus  - acts on t h e  e n t i r e  organism and causes complex response r e a c t i o n s  

i n  t h e  h igher  s e c t i o n s  of t h e  c e n t r a l  nervous system. Under t h e s e  condi t ions ,  

t h e  p i l o t  may develop a f e e l i n g  of confusion and f e a r ,  which w i l l  d i s t u r b  h i s  
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a c t i v i t y  f o r  a c e r t a i n  per iod  of t i m e ,  s o  t h a t  he may make erroneous movements 

and complicate t h e  s i t u a t i o n .  

The p r i n c i p a l  danger of explos ive  decompression is  t h e  f a c t  that, as a 

r e s u l t  of sudden and sharp  expansion of a i r  i n  the lungs,  t h e  c a v i t y  of t h e  

middle ear, t h e  accessory passageways of  t h e  nose and the f r o n t a l  s i n u s  and t h e  

gases i n  t h e  g a s t r o i n t e s t i n a l  t rac t ,  t h e r e  may b e  damage t o  t h e s e  hollow 

organs,  e s p e c i a l l y  t h e  lungs.  The n a t u r e  of t h e  damage t o  t h e  lung t i s s u e  

may d i f f e r :  i n  some cases, t h e r e  are s u p e r f i c i a l  b r u i s e s  on t h e  lungs a g a i n s t  

t h e  i n t e r n a l  space o f  t h e  ches t  c a v i t y ,  t h e  h e a r t  and t h e  l a r g e  vessels o r  

through t h e  diaphragm a g a i n s t  t h e  l iver ,  while  i n  o t h e r s  t h e r e  may b e  tears i n  

t h e  lung t i s s u e .  A t  c r i t i c a l  levels of decompressive pressure  decrease,  t h e r e  

may be b r u i s e s  and t e a r s  of lung t i s s u e  a t  t h e  s a m e  t i m e .  

A t  t h e  moment of explosive decompression, t h e  i n d i v i d u a l  seems t o  f e e l  a 

blow on t h e  c h e s t ,  a r a p i d  involuntary exhala t ion  is caused, and t h e  pressure  

i n  t h e  lungs reaches t h a t  of t h e  environmental i n  t h e  course of 1-2 

seconds. Af te r  e x p i r a t i o n ,  t h e r e  is a b r i e f  (10-15 seconds) delay i n  r e s p i r a 

t i o n ,  followed by several arrhythmic r e s p i r a t o r y  cyc les ,  and r e s p i r a t i o n  

r a p i d l y  i s  res tored .  Maintenance of r e s p i r a t i o n  is a r e f l e x  p r o t e c t i v e  

r e a c t i o n  of t h e  organism which develops wi th  t h e  active p a r t i c i p a t i o n  of t h e  

c e n t r a l  nervous system. It is  aimed a t  l i m i t i n g  t h e  expansion of t h e  lungs 

and prevent ing t e a r i n g  of t h e  lung t i s s u e .  Such a r e a c t i o n  i s  t h e  r e s u l t  of 

a simultaneous s t i m u l a t i o n  of a l a r g e  number of s e n s i t i v e  nerve endings t h a t  

are l o c a t e d  i n  t h e  lung t i s s u e ,  g a s t r o i n t e s t i n a l  t r a c t ,  and muscles which 

p a r t i c i p a t e  i n  t h e  act of r e s p i r a t i o n ,  and an i n c r e a s e  i n  t h e  flow of nervous 

impulses from t h e s e  endings (both i n  terms of q u a n t i t y  and i n t e n s i t y )  t o  t h e  

higher  s e c t i o n s  of t h e  c e n t r a l  nervous system. 

The n a t u r e  of t h e  f u n c t i o n a l  d i s o r d e r s ,  as f a r  as t h e  organs of 

r e s p i r a t i o n  and mechanical damage of t h e  lung t i s s u e  i s  concerned, depends 

pr imar i ly  on t h e  length  and magnitude of t h e  pressure  decrease: t h e  sharper  

and g r e a t e r  t h e  pressure  drop ( e s p e c i a l l y  a t  a h igh  o r i g i n a l  pressure  l e v e l ) ,  
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the  more important t h e s e  d i s r u p t i o n s  and t h e  g r e a t e r  t h e  danger of damage t o  

t h e  lungs. 

The phase of r e s p i r a t i o n  a t  which decompression takes place  i s  not  

i n s i g n i f i c a n t  (during t h e  i n s p i r a t i o n  phase, t h e  danger of harm t o  t h e  lungs 

increases ;  t h e  lung t i s s u e  i s  a t  i t s  maximum d i s t e n s i o n ) ,  n o r  i s  t h e  s ta te  of 

t h e  t rachea ,  bronchi ,  and t h e  lung t i s s u e  i t s e l f .  When t h e r e  i s  an inflammatory 

process i n  t h e  lungs and r e s p i r a t o r y  pathways, mucous accumulates, s o  t h a t  t h e  

r e s i s t a n c e  t o  e x p i r a t i o n  i n c r e a s e s  and t h i s  raises t h e  danger of harm t o  t h e  

lungs. 

Damage t o  t h e  lungs can occur i f  t h e  i n t r a p l e u r a l  p ressure  exceeds t h e  

l i m i t  of mechanical s t r e n g t h  of t h e  lung t i s s u e .  It has been e s t a b l i s h e d  

experimentally t h a t  i n  animals these  i n j u r i e s  ( ind iv idua l  and numerous 

hemorrhages i n  t h e  i n t e r i o r  of the  lungs and on t h e i r  s u r f a c e s ,  tears i n  t h e  

lung t i s s u e )  develop i n  those  cases  when t h e  i n t r a p l e u r a l  p ressure  exceeds t h e  

pressure  of the  surrounding atmosphere by 60-80 mm Hg ( i n  t h e  absence of 

counterpressure appl ied  t o  t h e  s u r f a c e  of t h e  ches t  c a v i t y ) .  

It should be kept  i n  mind t h a t  i n  man, t h e  pulmonary t i s s u e  i s  much 

s t r o n g e r  than i n  animals.  I n  man, even i n  d a i l y  l i f e ,  condi t ions a r e  

f requent ly  encountered i n  which excessive i n t r a p l e u r a l  p ressure  develops up 

t o  100 mm Hg and more ( f o r  example, when coughing, sneezing, under considerable  1113 

phys ica l  stress, e t c . ) .  However, usua l ly  no damage is done t o  t h e  lung t i s s u e  

under t h e s e  condi t ions.  

Spec ia l  s t u d i e s  and p r a c t i c e  have shown t h a t  pressure  changes a t  a l t i t u d e s  

of 20,000 m and more l a s t i n g  up t o  0.5 seconds a t  e x i s t i n g  pressure  modes i n  

pressur ized  cabins of a i r c r a f t  and t h e  use of modern systems of oxygen supply 

pose no danger t o  man. I n  very severe  cases ,  only extremely s m a l l  areas of 

darkening of t h e  lung t i s s u e  have been observed which disappeared without a 

trace i n  t h e  course of several days and had no l a s t i n g  e f f e c t  on t h e  i n d i v i d u a l ' s  

h e a l t h .  
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As a r e s u l t  of experiments on animals, it w a s  found t h a t ,  i f  the volume 

of t h e  lungs during explos ive  decompression ( r e l a t i v e  t o  t h e  i n i t i a l  value)  

i n c r e a s e s  by less than a f a c t o r  of 2.4, no damage w i l l  ensure.  When t h e i r  

volume increases  by 2.4-3.1 t i m e s ,  i n d i v i d u a l  hemorrhages and f o c i  of l o c a l  

emphysema (expansion of  lung t i s s u e )  may be found. The most ex tens ive  areas 

of hemorrhaging and breaks i n  t h e  lung t i s s u e  can b e  formed when t h e  volume 

of t h e  lungs increases  by more than  3.1 t i m e s .  

With any i n c r e a s e  i n  t h e  volume of t h e  lungs during decompression, t h e  

ches t  c a v i t y  expands. The degree of i t s  expansion depends on t h e  excess 

pressure  i n  t h e  lungs and t h e  counterpressure which i s  c r e a t e d  by t h e  
pressur ized  s u i t  on t h e  s u r f a c e  of t h e  body. 

Explosive decompression a l s o  a f f e c t s  t h e  g a s t r o i n t e s t i n a l  t ract .  As a 

r e s u l t  of sharp expansion of  t h e  gases i n  t h i s  t ract ,  t h e r e  i s  a d i s t e n t i o n  

of t h e  stomach (pronounced deformation of t h e  abdominal c a v i t y )  and a rise i n  

t h e  intraabdominal pressure .  Due t o  t h e  excessive expansion of c e r t a i n  p a r t s  

of t h e  i n t e s t i n e ,  t h e r e  may o f t e n  b e  pronounced prolonged r e f l e x  spasms of 

o t h e r  p a r t s ,  which prevents  t h e  escape of gases,  and sharp  pains  may, t h e r e f o r e ,  

p e r s i s t  f o r  a long t i m e .  

Explosive decompression a l so  has  an e f f e c t  on t h e  a c t i v i t y  of t h e  cardio

vascular  system. I n  t h e  majori ty  of cases t h e r e  i s  a quickening of t h e  pulse  

i n  t h e  i n i t i a l  per iod ,  and a s l i g h t  i n c r e a s e  i n  t h e  a r t e r i a l  pressure.  

These changes occur due t o  neuro-emotional in f luences  i n  response t o  t h e  1114 

emergency s i t u a t i o n  which arises and as t h e  responsive r e a c t i o n  t o  rap id  and 

s i g n i f i c a n t  d i s t e n t i o n  of t h e  lungs and t h e  w a l l s  of  t h e  g a s t r o i n t e s t i n a l  t ract .  

Large and r a p i d  changes i n  barometric pressure  c r e a t e  w i t h i n  seconds and 

f r a c t i o n s  of a second, favorable  condi t ions f o r  t h e  development of decompres

s i o n  d isorders .  I f ,  a f t e r  explosive decompression, f l i g h t  i s  continued a t  

the  same a l t i t u d e ,  t h e  p r o b a b i l i t y  of decompression d i s o r d e r s  w i l l  increase .  
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The e x i s t i n g  types of oxygen equipment w i l l  no t  exclude t h e  p o s s i b i l i t y  of 

decompression problems a t  a l t i t u d e s  above 8000 m. 

P r o t e c t i o n  of t h e  organism a g a i n s t  t h e  unfavorable inf luence  of explosive 

decompression has  i n  p r a c t i c e  been achieved a t  t h e  same t i m e  t h a t  t h e  organism 

i s  pro tec ted  a g a i n s t  severe oxygen s t a r v a t i o n ,  f o r  which s p e c i a l  a l t i t u d e  

equipment i s  used (oxygen supply systems).  
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CHAPTER V 

PRINCIPAL PHYSIOLOGICAL-HYGIENIC REQUIREMENTS 

FOR AIRCRAFT CABINS 

The cabin of an a i r c r a f t  is t h e  work a r e a  f o r  t h e  c r e w .  It contains  1115 

t h e  instruments  and equipment which are required f o r  c o n t r o l l i n g  the a i r c r a f t .  

Conditions must b e  c rea ted  i n  t h e  cabin f o r  normal v i t a l  a c t i v i t y  of human 

beings.  

The f i r s t  a i r c r a f t ,  which had a very crude design,  w i t h  low speed and 

f l i g h t  a l t i t u d e ,  had p r a c t i c a l l y  no cabins.  An i n d i v i d u a l  opera t ing  such an 

a i r c r a f t  sat  i n  an open cockpi t .  W e  know t h a t ,  even a t  a f l i g h t  speed of 

40 kmlhr, t h e  p r e s s u r e  of t h e  a i r  i s  very apparent ,  makes brea th ing  somewhat 

d i f f i c u l t  , and considerably increases  h e a t  l o s s  , whi le  a t  speeds above 

250 kmlhr t h e  counter  pressure  a g a i n s t  e x p i r a t i o n  and pressure  on t h e  ches t  

c a v i t y ,  f a c e  and stomach, is s o  s t r o n g  t h a t  i t  becomes impossible f o r  t h e  

p i l o t  t o  breathe.  Therefore ,  as  speed and f l i g h t  a l t i t u d e  increased,  the  need 

developed t o  p r o t e c t  t h e  p i l o t  a g a i n s t  the  inf luence  of t h e  a i r f l o w  and o t h e r  

unfavorable f l i g h t  f a c t o r s .  With t h i s  purpose i n  mind, a i r c r a f t  began t o  be 

suppl ied with s u i t a b l y  equipped cabins .  I n i t i a l l y ,  these  w e r e  cabins of t h e  

open type.  

Further  increases  i n  a l t i t u d e ,  speed, and f l i g h t  dura t ion  forced a v i a t i o n  

designers  f i r s t  of a l l  t o  s h i f t  t o  t h e  cons t ruc t ion  of c losed cabins  and then 

pressur ized  cabins ,  which provide b e t t e r  p r o t e c t i o n  f o r  t h e  c r e w  members 

a g a i n s t  t h e  inf luence  of unfavorable f a c t o r s  of t h e  e x t e r n a l  medium and increase  

t h e i r  working a b i l i t y  t o  a s i g n i f i c a n t  degree. 
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P r i n c i p a l  Types of  P res su r i zed  Cabins 

P res su r i zed  cabins  are found i n  modern a i rcraf t  which f l y  a t  h igh  I116 
a l t i t u d e s  and i n  t h e  s t r a tosphe re .  Cabins of t h i s  type  are t h e  most r e l i a b l e  

method of p r o t e c t i n g  ind iv idua l s  aga ins t  the unfavorable  inf luences  of  h igh  

a l t i t u d e  and o t h e r  f l i g h t  f a c t o r s .  

P re s su r i zed  cabins  d i f f e r  from ord inary  cabins  i n  t h e  f a c t  t h a t  a h ighe r  

barometr ic  p re s su re  i s  maintained i n  them than  i n  t h e  surrounding atmosphere. 

Due t o  t h e  excess p res su re  and t h e  use of oxygen-breathing apparatus ,  t h e  

requi red  p a r t i a l  p re s su re  of oxygen is  a l s o  maintained. The p o s s i b l e  develop

ment of decompression d i s o r d e r s i s  p r a c t i c a l l y  excluded i n  a pressur ized  

cabin under normal condi t ions .  

From t h e  s t andpo in t  of physiology, i t  would b e  most advantageous t o  

maintain normal atmospheric p re s su re  (760 mm HgJ i n  t h e  cabin a t  a l l  a l t i t u d e s .  

However, t h i s  would n e c e s s i t a t e  i nc reas ing  t h e  s t r e n g t h  of t h e  cabin w a l l s  

due t o  t h e  h igh  excess pressure .  This would r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  

i n  t h e  a i r c r a f t  weight ,  and t h e r e f o r e  would lower i t s  f l i g h t  q u a l i t i e s .  I n  

add i t ion ,  i n  t h e  event  of acc iden ta l  dep res su r i za t ion  of t h e  cabin a t  h igh  

a l t i t u d e s ,  a real danger of s e r i o u s  decompression d i so rde r s  would arise f o r  t h e  

c r e w  members due t o  t h e  e f f e c t  of t h e  cons iderable  p re s su re  drop. Therefore ,  

beginning a t  a c e r t a i n  a l t i t u d e  (usua l ly  2,000 m) t h e  t o t a l  barometr ic  

p re s su re  i n  the  cabin i s  kept  lower than  normal atmospheric p re s su re ,  and i t s  

level decreases  wi th  a l t i t u d e  t o  a c e r t a i n  value.  

The p r i n c i p a l  requirements  c u r r e n t l y  imposed on pressur ized  a i r c r a f t  

cabins  of  d i f f e r e n t  types  may b e  formulated i n  gene ra l  as fol lows:  

- The microcl imate  of  t h e  cabin ( t o t a l  p re s su re ,  oxygen p a r t i a l  p re s su re  

and a i r  temperature)  must be  as f avorab le  as p o s s i b l e  f o r  human a c t i v i t y  

i n  f l i g h t s  a t  a l l  a l t i t u d e s  a c c e s s i b l e  t o  a v i a t i o n ;  
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-The cabin must be s u f f i c i e n t l y  s t r o n g  and e x h i b i t  t h e  required 

p r e s s u r i z a b i l i t y ,  have good h e a t  and sound i n s u l a t i o n ,  r e l i a b l e  e lectr ical  I117 

power supply system and regula t ion ,  and t h e  g l a s s  i n  t h e  cabin must b e  such 

t h a t  t h e  c r e w  w i l l  have good v i s i b i l i t y ;  

-The u n i t s  and systems f o r  a i r c r a f t  c o n t r o l  must b e  s e n s i b l y  loca ted  

and r e a d i l y  a c c e s s i b l e ;  t h e  instruments  , c o n t r o l s ,  s i g n a l s  and i n d i c a t o r s  

must correspond t o  t h e  psychophysiological c a p a c i t i e s  of man. 

The cabins  of m i l i t a r y  a i r c r a f t  must a l s o  have oxygen equipment f o r  

t h e  crew members and rescue f a c i l i t i e s  f o r  use i n  emergency s i t u a t i o n s -

Depending on t h e  method of providing normal physiological-hygienic  con

d i t i o n s  f o r  t h e  a c t i v i t y  of t h e  c r e w ,  p ressur ized  cabins  can b e  divided i n t o  

v e n t i l a t e d ,  regenerat ion,  and oxygen-ventilated types.  

- _Pressur ized  cabins  of t h e  v e n t i l a t e d  type (Figure 24). To c r e a t e  

pressure  i n  a cabin of t h i s  type and t o  v e n t i l a t e  i t ,  atmospheric air is used, 

suppl ied  by a compressor. A f t e r  passing through t h e  blower,  i t  goes through an 

air-condi t ioning system and e n t e r s  t h e  cabin. I n  t h e  course of an hour, one 

man w i l l  receive 50 - 75 m 3 of a i r .  The a i r  leaves t h e  cabin and is  exhausted 

i n t o  t h e  atmosphere through an automatic o r  manual pressure  r e g u l a t o r .  The 

a i r  e n t e r i n g  t h e  cabin at a l l  a l t i t u d e s  contains  approximately 21% oxygen. I n  

normal h igh-a l t i tude  f l i g h t ,  t h e  given pressure  condi t ions  and a i r  temperature 1118 

i n  t h e  cabin are maintained by appropr ia te  automatic r e g u l a t o r s .  

The l e v e l  of excess pressure  f o r  a cabin of t h i s  type is determined 

pr imar i ly  by t h e  f l y i n g  t i m e  a t  high a l t i t u d e s .  W e  know t h a t  t h e  longer a 

man is  a t  a given a l t i t u d e ,  t h e  more pronounced is  t h e  e f f e c t  of t h e  r a r e f i e d  

atmosphere upon him, and consequently h i s  working a b i l i t y  is more s e r i o u s l y  

reduced. Therefore,  i n  t h e  pressur ized  cabins  of a i r c r a f t  designed f o r  long 

(more than f o u r  hours) h igh-a l t i tude  f l i g h t s ,  i t  is necessary t o  maintain a 
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higher  excess pressure  than  i n  t h e  cabins of a i r c r a f t  wi th  a s h o r t e r  (up t o  

four  hours) f l y i n g  t i m e  a t  high a l t i t u d e s .  

I n  t h e  cabins  of a i r c r a f t  wi th  h i g h - a l t i t u d e  f l i g h t s  n o t  i n  excess of 

four  hours ( f o r  example, f i g h t e r  a i r c r a f t )  t h e  a i r  p r e s s u r e  is equal  t o  t h e  

outs ide  atmospheric p r e s s u r e  (up t o  a l t i t u d e s  of 2,000 m y  i . e . ,  t h e r e  i s  no 

excess pressure .  Beginning a t  an a l t i t u d e  of 2,000 m y  t h e  excess pressure  i n  

t h e  cabin is s t e a d i l y  increased ,  so t h a t  a t  an a l t i t u d e  of 10,500 m i t  reaches 

220 +- 15 mm Hg ( 0 . 3  atm). This  excess  p r e s s u r e  i s  maintained up t o  t h e  ser

v ice  c e i l i n g  of t h e  a i r c r a f t .  The t o t a l  barometr ic  pressure  i n  t h e  cabin a t  

t h i s  c e i l i n g  must b e  a t  least  267 nun Hg, which corresponds t o  an a l t i t u d e  of 

approximately 8,000 m (Table 16) .  

hermetic cabin 

4 -1 

f f r o m  compressor 

Figure 24. 	 Diagram of a pressur ized  cabin of t h e  
v e n t i l a t i o n  type: 

1 - shutof f  valve;  2 - one-way valve;  3 - a i r  d i s t r i b u t o r ;  

4 - flow r e g u l a t o r ;  5 - cool ing t u r b i n e  assembly(CTA); 6 - one-

way valve;  7 - Venturi  tube; 8 - c o l l e c t o r ;  9 - e j e c t o r ;  

10 - pressure  r e g u l a t o r  (PR); 11 - f r e s h  a i r  i n t a k e ;  

12 - s a f e t y  valve (SV) ;  13 - solenoid valve;  14  -

a l t i t u d e  s i g n a l  (AS); 15 - temperature r e g u l a t o r  (RT);  

16 - c o n t r o l l e d  mercury-arc r e c t i f i e r  motor; 17  -

a l t i t u d e  and pressure  d i f f e r e n c e  i n d i c a t o r .  
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I n  t h e  pressur ized  cabins  of a i r c r a f t  f l y i n g  a t  high a l t i t u d e s  more than 

f o u r  hours ( f o r  example, bombers), t h e  a i r  p r e s s u r e  is k e p t  equal  t o  t h e  out

s i d e  atmospheric p r e s s u r e  up t o  an a l t i t u d e  of 2,000 m ( i n  no case should i t  

exceed t h a t  p r e s s u r e  by more than 30 mm Hg). A t  a l t i t u d e s  from 2,000 t o  

7,000 m y  t h e  cabin p r e s s u r e  remains constant  , equal  t o  atmospheric p r e s s u r e  

a t  an a l t i t u d e  fo  2,000 m y  i .e . ,  596 mm Hg. Then t h e  assigned regime of 

excess  p r e s s u r e  i s  gradual ly  e s t a b l i s h e d .  A t  a l t i t u d e s  of 8,000 m and more, 

a cons tan t  excess p r e s s u r e  equal  t o  294 +- 15 mm Hg (0 .4  atm) i s  maintained. 

A t  t h e  s e r v i c e  c e i l i n g ,  t h e  t o t a l  barometr ic  p r e s s u r e  i n  t h e  cabin must b e  

a t  least 308 mm Ilg, which corresponds to an a l t i t u d e  of 7,000 m (Table 14).  

TABLE 1 4  

-m Hg 
"Altitude", A l t i t u d e  

~~ 

Pressure,-m m Hg 

0 
1 000 
2 000 

760 
674 
596 

0 
1000 
2000 

0 
1000 
2000 

760 
674 
5% 

F l i g h t  B aromet ric I n  t h e  cabin of a I n  t h e  cabin of a 
a l t i t u d e ,  p ressure ,  f i g h t e r  a i r c r a f t  bomber a i r c r a f t  

3 000 - 526 2450 2000 ,596 
4 000 462 2850 535 2000 596 
5 000 405 3300 508 2000 596 
G 000 354 3700 4s0 2000 506 
7 000 30s 4050 460 2000 596 
s 000 2ti7 4350 440 2500 56 I 
'3 000 "30 4650 425 3000 524 

10 000 198 1900 410 3500 498 
11 000 169 5300 389 4000 463 
12 000 145 5750 365 4400 439 

14 000 
15 000 
16 000 
17 000 

106 
90 
77 
66 

6600 
6950 
7250 
7500 

326 
310 
297 
286 

5100 
5400 
5650 
5900. 

400 
384 
371 
360 

56 7750 276 6100 350 
4s 7950 268 6250 342 
41 8150 26 1 6400 335 

13 000 124 6200 344 4750 418 

124 




The excess  pressure  regimes a t  0 .3  and 0 . 4  a t m  are c a l l e d  bas ic .  / 119 

I n  a d d i t i o n  t o  t h e  b a s i c  p r e s s u r e  regime, a combat regime is  provided 

f o r  t h e  cabins of m i l i t a r y  a i r c r a f t :  beginning a t  approximately 4,000

4,500 m a l t i t u d e  and up t o  t h e  a i r c r a f t  service c e i l i n g ,  a constant  excess 

p r e s s u r e  of 0.2 a t m  is  maintained. This  pressure  regime i s  used i n  t h e  zone 

of f i g h t e r  a c t i v i t y  t o  reduce t h e  nega t ive  effect  of decompression on t h e  

c r e w  members, which i s  p o s s i b l e  i f  t h e  pressur ized  cabin is ruptured i n  

combat. 

On some a i r c r a f t ,  i f  t h e  automatic p r e s s u r e  regula t ion  mechanism should 

f a i l ,  excess  p r e s s u r e  may b e  provided manually, changing i t  from 0 . 1  t o  0 .4  

a t m .  

A t  t h e  e x i s t i n g  pressure  regimes i n  pressur ized  cabins ,  the  p a r t i a l  

p ressure  of oxygen i n  t h e  i n s p i r e d  a i r  over t h e  e n t i r e  range of a l t i t u d e s  

remains below t h e  admissible  l e v e l .  Therefore ,  oxygen equipment i s  included /120 
i n  cabins of v e n t i l a t e d  type.  The method of using t h i s  equipment i s  descr ibed 

i n  t h e  corresponding i n s t r u c t i o n s .  

Pressur ized  cabins  of t h e  v e n t i l a t e d  type  are widely used f o r  military 

and c i v i l i a n  a i r c r a f t .  They a r e  comparatively simple i n  design,  convenient 

t o  use,  and r e l a t i v e l y  inexpensive.  

Pressur ized  cabins~~ of t h e  regenera t ion  type (Figure 2 5 ) .  Cabins of t h i s  

type have a c losed air-changing system. They a r e  completely i s o l a t e d  from 

the atmosphere, and t h e  p r e s s u r e  and composition of t h e  a i r  i n  them are 

independent of the  pressure  and composition of t h e  outs ide  a i r .  

It i s  assumed t h a t  regenera t ion  cabins may be found i n  a i r c r a f t  which do 

not  have compressors f o r  blowing as w e l l  as a i r c r a f t  with high f l i g h t  c e i l i n g .  

It  i s  t e c h n i c a l l y  u n s u i t a b l e  and disadvantageous t o  use compressors on t h e  

l a t t e r  f o r  producing excess  p r e s s u r e  i n  the  cabin,  due t o  t h e  excess ive ly  
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high  degree of r a r e f a c t i o n  of t h e  a i r .  Cabins of t h i s  type are found i n  

s p a c e c r a f t .  The p r e s s u r e  i n  these  cabins may range from normal atmospheric 

p r e s s u r e  t o  reduced pressure  corresponding t o  an a l t i t u d e  of 10,000 m. 

A s p e c i a l  regenerat ion device i s  included i n  t h e  cabin.  The a i r ,  which 1121 

is  contained i n  t h e  cabin,  passes  cont inua l ly  through t h i s  device wi th  t h e  a i d  

of an e lec t r ic  fan  ( i n j e c t o r ) ,  and harmful i m p u r i t i e s  a r e  removed (products 

of t h e  v i t a l  a c t i v i t y  of t h e  organism). 

. .- -

D ..._ 

Figure 25. 	 Diagram of a pressur ized  cabin of t h e  
regenerat ion type : 

1- temperature r e g u l a t i n g  sensor ;  2 - oxygen-breathing 
apparatus;  3 - a i r  i n t a k e  r e g u l a t o r ;  4 - oxygen supply regu
l a t o r ;  5 - emergency valve;  6 - cooler ;  7 - h e a t e r ;  
8 - oxygen tanks ;  9 - a i r  tanks ;  10 - slave-mechanism 
f o r  h e a t  r e g u l a t o r ;  11 - moisture  absorber;  12 - C02 

absorber;  13 - s a f e t y  valve;  1 4  - vacuum valve;  1 5  - fan;  
16  - automatic pressure  r e g u l a t o r ;  1 7  - manual p r e s s u r e  
r e g u l a t o r ;  18 - shutof f  valve;  1 9  - r e t u r n  valve.  

P o s s i b l e  leakage of a i r  out of t h e  cabin due t o  inadequate  a i r t i g h t n e s s  

is compensated by compressed a i r  which i s  suppl ied  from a i r  tanks on board. 

The oxygen f o r  t h e  c r e w  members i s  suppl ied from oxygen tanks (systems) on 

board. 

The main problem i n  regenerat ion c o n s i s t s  i n  t h e  maintenance of t h e  

required p a r t i a l  p r e s s u r e  of oxygen, removal of carbon dioxide,  and excess 
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water  vapor. The necessary regime f o r  pressure  i n  such cabins i s  maintained 

with t h e  a i d  of an automatic r e g u l a t o r ,  and t h e  des i red  a i r  temperature i s  

maintained wi th  a thermoregulator (cooler ,  h e a t e r ) .  

I n  pressur ized  cabins of t h e  regenerat ion type ,  t h e  oxygen p a r t i a l  

p ressure  must be 125-160 mm Hg, t h e  p a r t i a l  p ressure  of carbon dioxide must 

be 7 - 8 mm Hg a t  most (0.5 - 1%of t h e  t o t a l  barometr ic  p r e s s u r e ) ,  t h e  

r e l a t i v e  humidity of t h e  a i r  must b e  30 - 70% and t h e  r a t e d  amount of 

oxygen f o r  one c r e w  member i s  about 30 l i t e r s / h r .  

I n  cabins of t h i s  type,  t h e  crew may f l y  without a d d i t i o n a l  oxygen 

equipment, i . e . ,  they do not  use oxygen equipment. 

Regeneration type cabins a r e  not  y e t  used i n  p r a c t i c a l  av ia t ion .  

~~Pxessurized cabins  of- t h e  oxygen-ventilated type.  A cabin of t h i s  type 

i s  a combination of t h e  v e n t i l a t e d  and regenerat ion types of cabins. The t o t a l  

barometr ic  p r e s s u r e  i n  them i s  maintained with t h e  a i d  of a compressor, while  

t h e  p a r t i a l  p ressure  of oxygen is produced by increas ing  i t s  p e r c e n t i l e  content  

by admit t ing oxygen from tanks on board. A t  low a l t i t u d e s ,  these  cabins  work 

l i k e  v e n t i l a t e d  ones , but  a t  high a l t i t u d e s  they work l i k e  oxygen-ventilated 

cab ins .  

Oxygen-ventilated cabins  d i f f e r  from t h e  regenerat ion type by t h e  f a c t  

t h a t  t h e  carbon dioxide and excess  moisture  a r e  removed from the  cabin a i r ,  

n o t  by means of chemical absorbers ,  bu t  by v e n t i l a t i n g  t h e  cabin with a i r  

suppl ied  from a compressor o r  w i t h  oxygen suppl ied  from tanks on board.  The 

excess a i r  (oxygen) as w e l l  as t h e  carbon dioxide and moisture  a r e  discharged 

from t h e  cabin i n t o  t h e  atmosphere through a r e g u l a t i n g  valve.  

The use of cabins  of t h i s  type involves  a high and unreasonable consump- 1122 

t i o n  of oxygen. Like t h e  regenera t ion  cabins ,  they have not  y e t  found 

a p p l i c a t i o n s  i n  av ia t ion .  
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Hygienic Requirements for- A i r c r a f t  Cabins 

The cabin of an a i r c r a f t  as a work a r e a  f o r  t h e  c r e w  members i s  def ined by 

t h e  following: i t s  s i z e  and design,  method of e x i t i n g ,  seat and s a f e t y  harness ,  

design and l o c a t i o n  of c o n t r o l  devices , inst ruments  and oxygen equipment; t h e  

i l l u m i n a t i o n  of t h e  instrument panel and t h e  cabin,  n a t u r e  of t h e  view from 

t h e  cabin,  no ise  and v i b r a t i o n  l e v e l ;  temperature mode and chemical composition 

of t h e  air .  

The requirement f o r  c r e a t i n g  a maximum p o s s i b l e  level of convenience and 

ensuring acceptable  hygienic  condi t ions f o r  t h e  work of t h e  c r e w  i n  f l i g h t  a r e  

common t o  a l l  types of a i rcraf t  cabins.  I n  a d d i t i o n ,  t h e  equipment and 

devices  i n  t h e  cabin depend on t h e  a c t i v i t y  of t h e  crew member. Thus, f o r  

example, the  p i l o t ' s  cockpi t  w i l l  d i f f e r  i n  design and equipment from the  

n a v i g a t o r ' s  a r e a  o r  t h a t  of t h e  gunner-radio o p e r a t o r ,  etc.  

Cabin s i z e .  The s i z e  of t h e  cabin is very important f o r  normal work of 

t h e  p i l o t .  I n  t r y i n g  t o  improve t h e  aerodynamic shape of t h e  a i r c r a f t ,  

designers  usua l ly  tend t o  reduce t h e  cabin dimensions. However, t h e  work of 

t h e  p i l o t  i s  made more d i f f i c u l t  i n  a cramped cabin,  h i s  movements are re

s t r i c t e d ,  i t  i s  more d i f f i c u l t  f o r  him t o  e x i t  from t h e  a i rcraf t  i n  t h e  event 

of an accident  i n  t h e  a i r ,  and it  i s  a l s o  p o s s i b l e  f o r  him t o  b e  i n j u r e d  by 

a c c i d e n t a l l y  h i t t i n g  a p r o j e c t i n g  p a r t  whi le  f l y i n g  o r  s topping t h e  a i r c r a f t .  

I n  t h e  case of m u l t i s e a t e r  a i r c r a f t  wi th  a l a r g e  rad ius  of operat ion,  

t h e  cabin dimensions must allow t h e  c r e w  members t o  move about f r e e l y .  The 

cabins of such a i r c r a f t  must make provis ions  and provide space f o r  t h e  crew 

members t o  rest. 

The optimum dimensions of a i r c r a f t  cabins  depend on t h e  e x t e n t  of t h e  

working movements of t h e  p i l o t ,  and a l s o  on t h e  given anthropometric measure

ments of t h e  i n d i v i d u a l s  i n  the  f l i g h t  c r e w  (Table 15, according t o  V. I. 

Slesarev,  1958). 
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Measurement 

p o s i t  ion  

Standing he ight  

Seated he ight  

Width a t  shoulders  

Width a t  p e l v i s  

Width a t  elbows 

1123 

TABLE 15 


Anthropometric Tenta t  i v e  measurements 
measurements , c m  	 with  cons idera t ion  of 

c lo th ing  and s p e c i a l  
equipment, c m  

El El a a
.rlI Ic x 

186.7 170 .0  153.3 193.7 177.0 160.3 

97.6 88 .1  78.9 104.6 9 5 . 1  85.7 

5 2 . 8  46.2 39.5 66.8 60.2 53.5 

39.8 34.1 28.5 53.8 4 8 . 1  42.5 

59.2 50.5 41.8 79.2 70.5 61 .8  

Measurement of chest  

from f r o n t  t o  back 25.7 21.3 16.9 38.7 34.3 29.9 

Measurement of abdomen 

from f r o n t  t o  back 30.9 23.6 1 6 . 3  44.9 37.6 30.3 

. .  ~ 
..-

In determining t h e  width of t h e  a i r c r a f t  cabin,  i t  is necessary t o  

consider  t h e  maximum width of t h e  p i l o t ' s  shoulders  i n  h i s  s u i t  ( s p e c i a l  

equipment), as w e l l  a s  t h e  need t o  provide t h e  requi red  freedom of movement. 

A s  p r a c t i c e  has  shown, i t  i s  most advantageous t o  m a k e  t h e  cabin no less than 

80 cm wide (between t h e  cabin w a l l s ) .  

On c a l c u l a t i n g  t h e  he ight  of t h e  cabin,  t h e  d i s t a n c e  from t h e  f l o o r  l e v e l  

t o  t h e  h ighes t  p o i n t  i n  t h e  canopy, t h e  b a s i s  i s  t h e  maximum height  of t h e  
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p i l o t  i n  a s i t t i n g  p o s i t i o n  (98 cm) and t h e  requi red  seat h e i g h t  (about 30 cm). 

The he ight  of t h e  cabin f o r  a p i l o t  i n  a pressur ized  helmet (consider ing t h e  

required space  between t h e  canopy and t h e  p i l o t ' s  head) must b e  a t  least  

142 cm ( s ing le-sea te r  

I n  mult i -seater  

m u s t  b e  a t  least 170 

convenience of s h o r t  

a i r c r a f t ) .  

m i l i t a r y  and c i v i l i a n  a i r c r a f t ,  t h e  h e i g h t  of t h e  cabin 

cm. It is  recommended t h a t  s t e p s  b e  provided f o r  t h e  

crew members . 

The lengthwise dimension of t h e  cabin,  t h e  d i s t a n c e  from t h e  back of t h e  

seat t o  t h e  instrument panel ,  must b e  such t h a t  t h e  p i l o t  can b e  i n  a comfort

a b l e  working p o s i t i o n  and see t h e  instrument panel  c l e a r l y .  The f u r t h e r  t h e  

instrument panel  is l o c a t e d  from t h e  p i l o t ,  t h e  more ins t ruments  w i l l  l i e  i n  

h i s  f i e l d  of v i s ion .  However, making the  d i s t a n c e  too  g r e a t  w i l l  complicate 

observat ions of t h e  instrument readings,  forc ing  t h e  p i l o t  t o  s t r a i n  h i s  eyes.  

It has been determined experimental ly  t h a t  i t  is most convenient t o  l o c a t e  1124 


t h e  instrument panel  70 t o  80 c m  from t h e  center  of t h e  back of t h e  p i l o t ' s  


seat. 


These dimensions f o r  a i r c r a f t  cabins  are approximate. I n  r e a l i t y ,  however, 

depending on a g r e a t  many requirements imposed on t h e  cabin,  t h e  purpose of 

t h e  a i r c r a f t  and i t s  aerodynamics, they may change somewhat. 

The cabin must no t  contain any unnecessary p a r t s  o r  p r o j e c t i o n s  which 

could cause e r r o r  o r  i n j u r y  during f l i g h t ,  emergency landings ,  and leaving 

t h e  a i r c r a f t .  A l l  p r o j e c t i n g  p a r t s ,  equipment, angles  and edges i n  t h e  cabin 

must have a s o f t  shock-absorbing covering. 

P i l o t ' s  seat. The p i l o t ' s  seat is t h e  c e n t r a l  device i n  t h e  a i r c r a f t  

cabin.  It has a back and seat which resemble a c h a i r ,  h e a d r e s t  and armrests. 

A l l  of t h e  instruments ,  s p e c i a l  equipment, c o n t r o l s  f o r  t h e  a i r c r a f t ,  e tc . ,  

are loca ted  r e l a t i v e  t o  the  seat. The seat must s a t i s f y  t h e  following 

requirements : 
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- correspond t o  t h e  n a t u r e  of t h e  work of each crew member; 

- correspond t o  t h e  dimensions of t h e  body; 

- provide convenience i n  c o n t r o l l i n g  t h e  a i r c r a f t  , working t h e  c o n t r o l s ,  

and a l s o  monitoring t h e  a i r  and instruments;  

- n o t  causing excess ive  f a t i g u e ;  

- promote increased  r e s i s t a n c e  of t h e  organism t o  t h e  ac t ion  of 

a c c e l e r a t i o n  and o v e r s t r e s s ;  

-make i t  p o s s i b l e  t o  leave  t h e  a i r c r a f t  r e l i a b l y  and s a f e l y .  

The p o s i t i o n  of t h e  p i l o t  which i s  convenient f o r  work, i n  which he 

undergoes t h e  l e a s t  muscular stress and can withstand t h e  a c t i o n  of o v e r s t r e s s e s  

(acce lera t ion)  most e a s i l y ,  i s  shown i n  Figure 26. As w e  can see from t h e  

f i g u r e ,  i n  t h i s  case h i s  t runk must b e  t i l t e d  s l i g h t l y  backward. It i s  b e s t  

t o  have i t  t i l t e d  a t  an angle  of 1 6  t o  18". 

Figure 26. Correct p o s i t i o n  f o r  p i l o t  i n  s e a t .  

The width of t h e  c h a i r  seat i s  ca lcu la ted  on t h e  b a s i s  of t h e  maximum 

width of t h e  human p e l v i s  wi th  some allowance f o r  c lothing.  It is  equal t o  

40 - 45 c m  on t h e  average. The cushion on t h e  seat usua l ly  has  a depth of 1125 

38 - 40 cm. I f  t h e  seat i s  equipped with a parachute ,  t h e  dimensions and 
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shape of t h e  seat must correspond t o  t h e  dimensions and shape of t h e  folded 

parachute.  I n  some types of a i r c r a f t ,  t h e  parachute  is l o c a t e d  behind t h e  

c h a i r  back i n  a s p e c i a l  container .  

The shape of t h e  c h a i r  back must correspond t o  t h e  c o r r e c t  p o s i t i o n  of 

t h e  s p i n e ,  while  t h e  h e i g h t  and width of t h e  back must provide a convenient 

p o s i t i o n  f o r  t h e  p i l o t  i n  h i s  seat. The bottom, back, and head rest should 

be covered w i t h  a s o f t  shock-absorbing material, s o  as t o  make t h e  seat conform 

more r e a d i l y  t o  t h e  shape of t h e  p i l o t  and e l imina te  t h e  p r e s s u r e  of m e t a l  

p a r t s  aga ins t  h i s  body. 

The he ight  of t h e  seat mounting r e l a t i v e  t o  t h e  f l o o r  of t h e  cabin at 

t h e  d is tance  from t h e  pedals  t o  the  s e a t  can b e  ad jus ted  depending on t h e  

h e i g h t  of t h e  ind iv idua l .  The l e g s  should b e  s l i g h t l y  f lexed  a t  t h e  knees 

during f l i g h t .  This prevents  rap id  f a t i g u e  and d i s r u p t i o n  of blood 

c i r c u l a t i o n .  

I n  a i r c r a f t  which have a long f l i g h t  dura t ion ,  t h e  s e a t s  of t h e  c r e w  

members must b e  as comfortable as p o s s i b l e ,  no t  only f o r  work b u t  a l s o  f o r  

b r i e f  rest i n  f l i g h t .  

The majori ty  of modem m i l i t a r y  a i r c r a f t  are equipped w i t h  s p e c i a l  

e j e c t i o n  s e a t s  , intended f o r  leaving t h e  a i r c r a f t  under emergency condi t ions.  

The c o n t r o l  of a l l  e j e c t i o n  processes must b e  provided by a s i n g l e  assembly 

which is a c t i v a t e d  by a s i n g l e  movement of t h e  hand w i t h  l i t t l e  force .  This 

i s  one of t h e  most important requirements imposed on t h e  design of such s e a t s .  

E jec t ion  seats must have devices which p r o t e c t  t h e  i n d i v i d u a l  a g a i n s t  

t h e  inf luence  of t h e  a i r f l o w  which h e  s t r i k e s  when leaving  t h e  a i r c r a f t  a t  

g r e a t  h e i g h t s ,  and must a l s o  have s t a b i l i z i n g  devices  prevent ing r o t a t i o n  of 

t h e  c h a i r  i n  t h e  a i r .  

The c h a i r  f o r  each c r e w  member has  a h a m e s s  system c o n s i s t i n g  of shoulder  

and 1 a p . b e l t s  and buckles.  The b e l t s  may b e  up t o  60 mm wide. Their l ength  
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is  adjus ted  depending on t h e  h e i g h t  of t h e  ind iv idua l .  Safety b e l t s  hold t h e  

p i l o t  i n  t h e  seat and prevent him from s t r i k i n g  t h e  instrument panel  o r  o t h e r  

equipment i n  t h e  cabin during sharp  d e c e l e r a t i o n  ( b e l l y  landings) and negat ive  

overloads. The ches t  b e l t s  are f i rmly  fas tened  t o  t h e  back of t h e  seat a t  

t h e  l e v e l  of t h e  shoulder  b lades ,  while  t h e  l a p  b e l t s  are fas tened  a t  the  l e v e l  

of t h e  sacrum. They must no t  restrict t h e  movement of t h e  p i l o t .  The fasten

i n g  p a r t  is t h e  buckle  which holds  a l l  t h e  ends of t h e  b e l t s .  The buckle  m u s t  

open and c l o s e  simply and e a s i l y .  The design of  t h e  buckle  and t h e  s a f e t y  

b e l t s  is  s tandard  on a l l  types  of a i r c r a f t .  A t  t h e  present  t i m e ,  t h e  major i ty  

of  e j e c t i o n  seats a r e  equipped wi th  a combined b e l t  system, i . e . ,  a system 

which c o n s t i t u t e s  a s i n g l e  whole with t h e  b e l t  system of t h e  parachute.  

Cont-qol devices  and instruments .  The c o n t r o l  handle  of t h e  a i r c r a f t  

(wheel) must no t  h ide  instruments  a t  any p o s i t i o n .  With t h e  wheel f u l l y  t i l t e d ,  

the  d i s t a n c e  between i t s  upper edge and t h e  back of t h e  c h a i r  must be a t  least 

35 t o  38 cm. 

Considerable a t t e n t i o n  must b e  paid t o  s t a n d a r d i z a t i o n  of t h e  l o c a t i o n  

of a i r c r a f t  cont ro ls  i n  t h e  cabin,  as w e l l  as instruments  and o ther  p a r t s .  

F a i l u r e  t o  observe t h i s  requirement makes t h e  learn ing  process  more d i f f i c u l t ,  

complicates the  work of t h e  crew members, and may b e  t h e  cause of an accident  

i n  f l i g h t .  

Control  elements of t h e  a i r c r a f t ,  switches and toggles ,  must b e  of 

s u f f i c i e n t  s i z e  and have a shape t h a t  i s  convenient f o r  operat ion;  they must 

b e  placed i n  r e a d i l y  a c c e s s i b l e  l o c a t i o n s  and t h e  d i r e c t i o n  of t h e i r  d e f l e c t i o n  

should co inc ide  as  much a s  p o s s i b l e  wi th  t h e  d i r e c t i o n  of a i r c r a f t  motion. I127  

A l l  of t h e i r  movements must b e  simple and n o t  r e q u i r e  g r e a t  force.  

W e  know t h a t  t h e  cabin of a modem a i r c r a f t  contains  a g r e a t  many i n s t r u 

ments and a l l  manner of d i f f e r e n t  s o r t s  of equipment ( p i l o t ,  p i lo t -naviga tor  

instruments ,  instruments  f o r  monitoring the  operat ion of t h e  power p l a n t ,  

rad io  and radar  equipment, oxygen instruments ,  e t c . ) .  It is  n a t u r a l  t h a t  
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watching t h e  readings on such a l a r g e  number of instruments  and working with 

t h e  equipment calls f o r  a considerable  amount of a t t e n t i o n  and experience 

from each c r e w  member .  

The p r i n c i p l e s  of t h e  l o c a t i o n  of devices  and equipment i n  t h e  cabin have 

been worked out on t h e  b a s i s  of t h e  combined experience of des igners ,  p i l o t s ,  

and a v i a t i o n  doctors .  I n  order  f o r  t h e  p i l o t  t o  b e  a b l e  t o  concent ra te  h i s  

a t t e n t i o n  on t h e  p r i n c i p a l  instruments  , t h e s e  instruments  are usua l ly  loca ted  

i n  p o s i t i o n s  t h a t  are r e a d i l y  a c c e s s i b l e  f o r  observat ion.  Those instruments  

which are used r a r e l y  must b e  l o c a t e d  such t h a t  they do n o t  d i s t r a c t  the, 

p i l o t ' s  a t t e n t i o n .  Instruments of t h i s  kind may b e  equipped wi th  l i g h t  o r  

sound s i g n a l s ,  s o  t h a t  they w i l l  a t t r a c t  h i s  a t t e n t i o n  when necessary.  

I n  t h e  course of many years  of f l y i n g  p r a c t i c e ,  t h e  fol lowing arrange

ment f o r  instruments  has  been worked out :  The p r i n c i p a l  pi lot ing-navigat ion 

instruments ,  r e g a r d l e s s  of t h e  type of a i r c r a f t ,  are loca ted  i n  t h e  l e f t  and 

c e n t r a l  areas, while  those instruments  which c o n t r o l  t h e  engine operat ion are 

l o c a t e d  on t h e  r i g h t  hand s i d e  of t h e  instrument panel .  The instruments  which 

monitor t h e  opera t ion  of o t h e r  assemblies a r e  on t h e  c o n t r o l  panels  on t h e  

l e f t  and r i g h t  s i d e s  of t h e  cabin. 

The instrument pane l  must b e  as v i s i b l e  t o  t h e  p i l o t  as poss ib le .  For 

t h i s  purpose, i t  is  mounted at  r i g h t  angles t o  t h e  l o n g i t u d i n a l  a x i s  of t h e  

a i r c r a f t .  I n  order  t o  avoid e r r o r s  i n  reading,  t h e  d i s t a n c e  between t h e  lower 

edge of t h e  instrument panel  and t h e  l e v e l  of t h e  space below t h e  pedals  must 

be at least 45 cm. The instruments  themselves need not  p r o j e c t  out of t h e  

instrument panel.  

I n  t h e  cabin of a mul t i - sea te r  a i r c r a f t ,  a g r e a t  many of t h e  instruments  

and a l a r g e  p a r t  of t h e  equipment m u s t  b e  mounted s o  t h a t  i t  is v i s i b l e  t o  

the  naviga tor ,  f l i g h t  engineer ,  and gunner-radio opera tor .  

The shape, s i z e ,  and c o l o r  of a v i a t i o n  instruments ,  as w e l l  as the  /128 

graduat ions on t h e i r  scales, must allow t h e i r  readings t o  b e  determined quickly 
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and c o r r e c t l y .  A s  s t u d i e s  have shown, i t  is most d e s i r a b l e  t o  co lor  t h e  

instruments  f l a t  b lack ,  whi le  t h e  graduat ions ( d i v i s i o n s )  on t h e  scales of 

s m a l l  ins t ruments  should b e  marked wi th  l i n e s  0.8 - 1mm wide, while  on t h e  

s c a l e s  of l a r g e r  instruments  t h e  l i n e s  can b e  1.2 - 1.5 "wide. 

Successful  a n a l y s i s  of t h e  problems of e f f i c i e n t  l o c a t i o n  of instruments  

and equipments i n  a i r c r a f t  cabins  , methods of e f f e c t i v e l y  i n d i c a t i n g  the  

instrument readings,  s i g n a l i n g  abnormal modes of opera t ion  of t h e  power p l a n t  

and t h e  var ious  assemblies,  emergency s i t u a t i o n  i n  f l i g h t  and o t h e r  problems 

involved i n  ensuring maximum convenience and required hygienic  condi t ions f o r  

t h e  work of t h e  f l i g h t  c r e w  i n  t h e  a i r  may b e  accomplished only by t h e  j o i n t  

e f f o r t s  of a v i a t i o n  engineers ,  doc tors ,  and p i l o t s .  

IJlumigatig-n of - the  cabin. Windshield. The n a t u r e  of t h e  cabin i l lumi

na t ion  i s  extremely important.  

During t h e  day, n a t u r a l  l i g h t  i s  completely adequate f o r  normal work i n  

t h e  cabin. Under c e r t a i n  condi t ions ( f o r  example, when f l y i n g  on a b r i g h t  

sunny day over an area covered wi th  snow) i t  i s  even necessary t o  reduce the  

i n t e n s i t y  of t h e  i l l u m i n a t i o n  by using p r o t e c t i v e  s h u t t e r s  and l i g h t  f i l t e r s .  

On n i g h t  f l i g h t s ,  however, i t  becomes necessary t o  use a r t i f i c i a l  l i g h t  i n  

t h e  cabin. 

The i l l u m i n a t i o n  of t h e  instrument panel  and t h e  instruments ,  regard less  

of t h e  type of i l lumina t ion  system used, must be uniform, and i t s  i n t e n s i t y  

must b e  continuously ad jus tab le .  The cons t ruc t ion  and l o c a t i o n  of i l lumina t 

i n g  devices  must exclude the  p o s s i b i l i t y  of b l i n d i n g  t h e  p i l o t  and causing 

l i g h t  r e f l e c t i o n s  on t h e  g l a s s  of t h e  instruments  and t h e  canopy of t h e  

cab i n .  

I l lumina t ion  of work a reas  f o r  t h e  c rew members must b e  s u f f i c i e n t  f o r  

easy reading of t h e  instruments ,  reading t h e  i n s c r i p t i o n s  on templates and 

f l i g h t  c h a r t s  and must a l s o  b e  s u r e  n o t  t o  cause d e t e r i o r a t i o n  of the condi t ions 

f o r  v i s u a l l y  observing t h e  surrounding condi t ions.  
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An important condi t ion f o r  f l i g h t  s a f e t y  and s u c c e s s f u l  performance of 

f l i g h t  t a s k s  i s  a good view out of t h e  a i r c r a f t  cabin.  The g l a s s  of t h e  I129 

windows m u s t  not  d i s t o r t  t h e  genera l  shape of o b j e c t s  observed and must b e  

t ransparent  . 
I n  h o r i z o n t a l  f l i g h t ,  t h e  p i l o t  must b e  a b l e  t o  have a v i e w  out of t h e  

a i r c r a f t  cabin which allows t h e  following: looking forward and down from t h e  

s k y l i n e  (through t h e  nose of t h e  a i r c r a f t )  i n  a s e c t o r  of no less than 15",  

down t o  the  s i d e  and down t o  t h e  forward hemisphere, i n  a s e c t o r  of no less 

than 3 5 " ,  down along t h e  wing i n  a s e c t o r  of 8" as w e l l  a s  complete v i s i b i l i t y  

i n  t h e  upper and r e a r  hemispheres. 

Noise and v i b r a t i o n .  We know t h a t  n o i s e s  (sounds) and v i b r a t i o n s  of 

c e r t a i n  i n t e n s i t i e s  can have an unfavorable i n f l u e n c e  on man. Therefore ,  t h e  

a i r c r a f t  cabin must provide c e r t a i n  requirements f o r  t h e  permiss ib le  l e v e l s  

of n o i s e  and v i b r a t i o n .  

Noise a c t s  as a s p e c i f i c  s t i m u l a n t  t o  t h e  audi tory  apparatus .  The u n i t  

employed f o r  measuring t h e  frequency of o s c i l l a t i o n s  i s  t h e  h e r t z  (Hz), t h e  

frequency a t  which one o s c i l l a t i o n  takes  p l a c e  i n  one second. 

The human e a r  can d e t e c t  a c o u s t i c  o s c i l l a t i o n s  i n  t h e  a i r  a t  f requencies  

from approximately 20 - 20,000 Hz. O s c i l l a t i o n s  with a frequency less than 

20 Hz are c a l l e d  i n f r a s o n i c ,  while  o s c i l l a t i o n s  with frequencies  above 

20,000 Hz are c a l l e d  u l t r a s o n i c .  I n f r a s o n i c  and u l t r a s o n i c  v i b r a t i o n s  are 

not  de tec ted  by t h e  human e a r .  

The i n t e n s i t y  of sound i s  measured i n  t h e  amount of sound energy ( i n  

e rgs)  s t r i k i n g  1 cm2 of s u r f a c e  per  second (erg/cm2-sec).  

Noise c o n s i s t s  of a combination of sounds which r a p i d l y  change i n  

frequency and i n t e n s i t y .  The i n t e n s i t y  of n o i s e  i s  measured with s p e c i a l  
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devices  c a l l e d  n o i s e  m e t e r s  and i s  usua l ly  expressed i n  dec ibe ls  (db).  The 

frequency spectrum of n o i s e  is  very important in  c h a r a c t e r i z i n g  i t ,  i .e . ,  t h e  

o s c i l l a t i o n  frequency of t h e  sounds t h a t  form t h e  noise .  

The p r i n c i p a l  sources  of a v i a t i o n  n o i s e  are t h e  power p l a n t  of t h e  

aircraft  ( t h e  engine and i t s  assemblies) as w e l l  as t h e  aerodynamic r e s i s t a n c e  

of t h e  a i r f low (aerodynamic n o i s e ) .  During t h e  f l i g h t  of a supersonic  a i r c r a f t ,  

aerodynamic n o i s e  may amount t o  95% of t h e  a v i a t i o n  noise .  

The n o i s e  i n t e n s i t y  of a p i s t o n  engine opera t ing  on t h e  ground reaches 

150 - 120 db (at  a d i s t a n c e  of 5 m from t h e  p r o p e l l e r ) ,  whi le  t h a t  of a j e t  

engine reaches 150 db and more. The maximum n o i s e  i n t e n s i t y  is found a t  t h e  

r e a r  and s i d e  p a r t s  of t h e  a i r c r a f t .  I n  t h e  a i r c r a f t  cabin,  t h e  n o i s e  inten- 1130 

s i t y  drops t o  80 - 100 db (depending on t h e  type of a i r c r a f t  and t h e  e f fec

t i v e n e s s  of t h e  sound i n s u l a t i o n  i n  t h e  cabin) .  The g r e a t e s t  amount of n o i s e  

reduct ion i s  achieved i n  pressur ized  cabins , which have sound i n s u l a t i n g  

coverings.  I n  g e r n e r a l ,  however, during operat ion of t h e  engine without t h e  

a f t e r b u r n e r ,  t h e  n o i s e  l e v e l  i n  t h e  cabin w i l l  n o t  exceed 90 db, while  t h e  

n o i s e  rises t o  100 db when t h e  a f t e r b u r n e r  is  cu t  i n .  

The inf luence  of n o i s e  on t h e  human organism depends pr imar i ly  on i t s  

i n t e n s i t y  and length  of a c t i o n ,  as  w e l l  as on i t s  frequency spectrum. The 

more low frequencies  i n  t h e  n o i s e ,  t h e  g r e a t e r  i ts  f a t i g u i n g  a c t i o n ;  t h e  more 

high frequencies  t h e r e  are, t h e  g r e a t e r  i t s  p a i n f u l  e f f e c t  on t h e  audi tory 

apparatus .  

The b i o l o g i c a l  e f f e c t  of  ul t rasound and infrasound on man has  been 

s t u d i e d  comparatively l i t t l e  , b u t  experimental  d a t a  are a v a i l a b l e  which ind i 

c a t e  t h a t  they do have a t raumat ic  e f f e c t  on t h e  organism. P a r t i c u l a r l y  

unfavorable e f f e c t s  are crea ted  by infrasound. 

Noise a t  high i n t e n s i t y  n o t  only can cause a d e t e r i o r a t i o n  of hear ing ,  

b u t  a l s o  has  an unfavorable  e f f e c t  on t h e  organism, e s p e c i a l l y  t h e  c e n t r a l  
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nervous system. Under t h e  inf luence  of n o i s e  of t h i s  kind,  t h e  a c t i v i t y  of 

t h e  r e s p i r a t o r y  organs may b e  d is turbed ,  and t h e  card iovascular  system as w e l l  

as t h e  g a s t r o i n t e s t i n a l  tract may b e  a f f e c t e d ;  t h e  a c u i t y  of v i s i o n  w i l l  de

crease, s l e e p  w i l l  b e  d is turbed ,  a t t e n t i o n  w i l l  b e  d i s t r a c t e d ,  f a t i g u e  w i l l  

increase ,  psychic  r e a c t i o n s  w i l l  slow down, and working a b i l i t y  will d e t e r i o r a t e .  

Noises with an i n t e n s i t y  of less than 80 db w i l l  n o t  d i s t u r b  t h e  working 

a b i l i t y  of human be ings ,  bu t  a t  n o i s e  i n t e n s i t i e s  from 80 - 100 db t h e r e  is 

a decrease only i n  c e r t a i n  i n d i v i d u a l s ,  s i n c e  most persons have s u f f i c i e n t  

capac i ty  f o r  phys io logica l  adapta t ion  t o  noises  of t h i s  kind. A constant  n o i s e  

w i l l  cause less of an i n f l u e n c e  on t h e  organism than an i n t e r r u p t e d  one. As 

t h e  i n t e n s i t y  of t h e  n o i s e  i n c r e a s e s ,  i t s  unfavorable inf luence  on t h e  working 

a b i l i t y  and condi t ion of t h e  organism l ikewise  increase .  Noise with an 

i n t e n s i t y  of approximately 130 db w i l l  cause p a i n f u l  sensa t ions .  Such a n o i s e  

l e v e l  is c a l l e d  t h e  threshold  of p a i n f u l  s e n s i t i v i t y .  Noises with an i n t e n s i t y  

of 150 db cannot b e  withstood by human be ings ,  whi le  no ises  with an i n t e n s i t y  1131 

of 160 db can cause r u p t u r e  of t h e  eardrums and damage t o  t h e  i n n e r  e a r .  

I f  t h e  human ear is subjec ted  f o r  a s u f f i c i e n t l y  long t i m e  o r  per iodi 

c a l l y  t o  repeated a c t i o n  of a loud n o i s e ,  temporary o r  permanent hear ing  loss 

may r e s u l t .  The r e s i s t a n c e  of i n d i v i d u a l s  t o  t h e  e f f e c t  of n o i s e  i s  not  

unif  o m .  

Noise wi th  an i n t e n s i t y  of 90 db, a c t i n g  on an i n d i v i d u a l  f o r  6 - 8 hours ,  

w i l l  cause a moderate degree of hear ing loss. I n  t h i s  case ,  hear ing  i s  

r e s t o r e d  about an hour a f t e r  t h e  n o i s e  ceases. A f t e r  s e v e r a l  hours  under 

condi t ions  of n o i s e  with an i n t e n s i t y  of 115 db, an i n d i v i d u a l  w i l l  g radual ly  

l o s e  t h e  a b i l i t y  t o  d e t e c t  no ises  i n  the  middle and high frequencies  (from 

several minutes t o  s e v e r a l  days).  Noise whose i n t e n s i t y  exceeds 120 db 

causes f a t i g u e  wi th in  10 - 15 minutes as  w e l l  as a s i g n i f i c a n t  l o s s  of 

hearing. 
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Studies  have shown t h a t  t h e  i n t e n s i t y  of n o i s e  near  a j e t  a i r c r a f t  with 

engines opera t ing  i s  s o  high t h a t  t h e r e  i s  danger of i n j u r y  t o  t h e  hear ing  

organs f o r  t h e  unprotected ear .  It is  primari ly  t h e  engineering and t e c h n i c a l  

crews who are exposed t o  t h e  a c t i o n  of no ise  a t  such i n t e c s i t i e s ,  s i n c e  they 

a r e  exposed t o  t h e s e  condi t ions when preparing a i r c r a f t  f o r  f l i g h t .  I n  t h e  

majori ty  of t h e s e  types of a v i a t i o n  s p e c i a l i s t s  ( e s p e c i a l l y  those 

who have worked f o r  more than t e n  y e a r s ) ,  t h e r e  is progressive l o s s  of hear ing  

over a wide range of t h e  frequency spectrum and e s p e c i a l l y  a t  f requencies  of 

3,000 - 4,000 Hz. 

The members of t h e  f l i g h t  crew are subjec ted  t o  t h e  a c t i o n  of no ises  of 

high i n t e n s i t y  t o  a lesser degree,  s i n c e  t h e r e  i s  less need f o r  them t o  e n t e r  

zones of s t r o n g  n o i s e  a t  t h e  a i r f i e l d ,  whi le  during f l i g h t  they a r e  pro tec ted  

aga ins t  the n o i s e  by t h e  sound i n s u l a t i o n  of t h e  pressur ized  cabin,  as w e l l  as 

t h e i r  helmet earphones o r  pressur ized  helmets.  A s l i g h t  i o s s  of hear ing i n  

t h e s e  people is most o f t e n  n o t i c e d  a f t e r  f i v e  t o  s i x  years  of work, e s p e c i a l l y  

those  who have d e f i c i e n c i e s  i n  t h e  organs of t h e  e a r ,  nose,  and t h r o a t .  

~ -~Preventing unfavorable i n f l u e n c e  of noise .  A t  t h e  present  t i m e ,  t h e  

following are used t o  combat a v i a t i o n  noise :  

- s p e c i a l  devices which reduce t h e  noise  i n t e n s i t y  of source  i t s e l f ;  

- e f f e c t i v e  sound i n s u l a t i o n  of  a i r c r a f t  cabins;  /132 
- noise-protect ing equipment f o r  damping engine n o i s e  when working on 

t h e  ground; 

- c o l l e c t i v e  and i n d i v i d u a l  noise-protect ing devices  f o r  t h e  crew; 

- l i m i t i n g  t h e  t i m e  under noisy condi t ions and organizing a proper 

work schedule.  

Equipment f o r  p r o t e c t i o n  a g a i n s t  no ise  inc ludes  movable and s t a t i o n a r y  

absorbers .  Movable absorbers  a r e  hollow m e t a l  c y l i n d e r s  which a r e  mounted i n  

f r o n t  of and behind t h e  a i r c r a f t ;  s t a t i o n a r y  absorbers a r e  tunnels  o r  boxes 
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i n  which t h e  t a i l  s e c t i o n  of t h e  a i r c r a f t  i s  enclosed,  as w e l l  as concre te  

enclosed hangars. Noise-protecting equipment i s  used a l s o  as a c o l l e c t i v e  

method of p r o t e c t i n g  t h e  c r e w  checking out  opera t ing  motors. 

Of a l l  t h e  methods f o r  p r o t e c t i o n  a g a i n s t  n o i s e ,  i t  i s  most convenient 

t o  use helmets which cover t h e  ears and t h e  area around t h e  ears, as w e l l  as 

earphones and earplugs.  H e l m e t s  and earphones reduce t h e  n o i s e  l e v e l  t o  

25 - 30 db. 

Under t h e  condi t ions  p r e v a i l i n g  a t  a i r f i e l d s ,  i n  o r d e r  t o  avoid damage 

from engine noise ,  i t  i s  recommended t h a t  persons who are i n  f r o n t  of an 

a i r c r a f t  should b e  150 - 250 m away; those l o c a t e d  t o  t h e  r i g h t  and l e f t  

should be  600 - 1,000 m away, and those who are behind should b e  1,000 
1,500 m away. 

One of the  important measures taken t o  p r o t e c t  t h e  f l i g h t  and engineer

ing t e c h n i c a l  crews a g a i n s t  n o i s e  i n j u r y  i s  t h e  establ ishment  of admissible  

i n t e n s i t i e s ,  opera t ing  t i m e s ,  and frequency s p e c t r a  f o r  t h e  noise .  Table 6 ,  

compiled on t h e  b a s i s  of tes t  d a t a ,  shows t h e  admissible  values  of i n t e n s i t y  

and dura t ion  f o r  a c t i o n  of a v i a t i o n  n o i s e s  which should n o t  b e  exceeded i n  

d a i l y  operat ion.  

TABLE 16  

~.. ;?+,- 115Noise i n t e n s i t y ,  db -~ -____ 

Duration o f  a c t i o n ,  hours 0.5 

The s tandards shown i n  t h i s  t a b l e  r e f e r  t o  n o i s e s  wi th  a frequency /L33 
spectrum from 150 - 3,000 Hz. The same values apply t o  t h e  a i r c r a f t  cabin.  
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As w e  have already mentioned, a s i d e  from n o i s e ,  t h e  human beings i n  an 

a i r c r a f t  are a l s o  s u b j e c t  t o  v i b r a t i o n .  Vibrat ion i s  charac te r ized  by direc

t i o n ¶  amplitude, and frequency. I n  a v i a t i o n  p r a c t i c e ,  w e  most f requent ly  

encounter v i b r a t i o n  i n  t h e  v e r t i c a l  and h o r i z o n t a l  d i r e c t i o n s  i n  a frequency 

range from LO - 50 Hz at  an amplitude up t o  1m. A i r c r a f t  v i b r a t i o n s  have 

t h e  n a t u r e  of complex p e r i o d i c  o s c i l l a t i o n s .  Thei r  sources  are opera t ing  

engines and t h e  e f f e c t  of t h e  r e l a t i v e  wind. 

The g r e a t e s t  e f f e c t  on man is  caused by v e r t i c a l  v i b r a t i o n s .  I n  an air

c r a f t ,  i t  i s  considered permiss ib le  ( a s  f a r  as a c t i o n  on man is concerned) t o  

have v e r t i c a l  v i b r a t i o n s  which have: (a)  frequency up t o  10 - 20 Hz and 

amplitude up t o  0 .8  mm; (b) frequency up t o  30 Hz and an amplitude of 0 .4  mm; 

(c)  frequency of 40 - 60 Hz and amplitude of less than 0.4 mm. 

P r a c t i c a l l y  speaking ¶ t h e  v i b r a t i o n s  which develop i n  ordinary f l i g h t  

have c h a r a c t e r i s t i c s  whose values  do n o t  exceed t h e  permiss ib le  l i m i t s .  

Resis tance of ind iv idua ls  t o  t h e  ac t ion  of v i b r a t i o n s  is d i f f e r e n t :  

some withstand i t  w e l l ,  o t h e r s  become f a t i g u e d  rap id ly .  There a r e  s p e c i a l  

a n t i v i b r a t i o n  devices  aboard a i r c r a f t  which make i t  p o s s i b l e  t o  a cons iderable  

degree t o  reduce t h e  i n t e n s i t y  of t h e  v i b r a t i o n s  o r  t o  ge t  r i d  of them 

e n t i r e l y .  

-Temperature regime. A s  w e  have already pointed o u t ,  providing a r e g u l a r  

temperature regime i s  one of t h e  b a s i c  hygienic  requirements f o r  an a i r c r a f t  

cabin. It a l s o  governs t h e  so-cal led thermal s t a t e  of the  organism. 

The r e t e n t i o n  of a normal thermal s t a t e  of  an organism i s  of tremendous 

importance f o r  t h e  h e a l t h  and working a b i l i t y  of man. 

Constant body temperature  i s  maintained by regula tory  m e c h a n i s m s  t h a t  

are under t h e  c o n t r o l  of t h e  c e n t r a l  nervous system. When t h e  temperature of 

t h e  external medium drops,  ox ida t ion  processes  i n  t h e  organism become more 
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i n t e n s e ,  i n c r e a s i n g  t h e  consumption of  oxygen and reducing t h e  l o s s  of  h e a t .  

However, when t h e  temperature increases  , t h e  i n t e n s i t y  of ox ida t ion  processes 

i n  t h e  organism decreases  and h e a t  loss becomes more severe. 

Heat loss takes p lace  as a r e s u l t  of r a d i a t i o n  of h e a t  by t h e  s u r f a c e  

of t h e  s k i n ,  conduction, evaporat ion of p e r s p i r a t i o n  and r e s p i r a t i o n .  

The organism l o s e s  40 - 45% of i t s  h e a t  on t h e  average through rad ia t ion .  

I f  at  a s u f f i c i e n t l y  high temperature of t h e  medium, o b j e c t s  wi th  a lower 

temperature are l o c a t e d  n e a r  t h e  i n d i v i d u a l ,  t h e  h e a t  loss by r a d i a t i o n  w i l l  

increase .  Such a phenomenon may b e  observed during h i g h - a l t i t u d e  f l i g h t s  i f  

t h e  a i r c r a f t  cabin does n o t  have s u f f i c i e n t  h e a t  i n s u l a t i o n .  I n  such 

i n s t a n c e s ,  t h e  p i l o t  may f e e l  cold even at an a i r  temperature  i n  t h e  cabin of 

+15 - 16O C. When t h e  temperature of the  surrounding a i r  and t h e  o b j e c t s  

becomes equal  t o  body temperature o r  exceeds i t ,  h e a t  loss by r a d i a t i o n  ceases.  

The human organism l o s e s  h e a t  through conduction i f  t h e  temperature of 

the surrounding a i r  is lower than t h e  temperature of t h e  body. Natura l ly ,  

t h e  lower t h e  temperature of t h e  medium, t h e  g r e a t e r  the h e a t  loss. 

A s i g n i f i c a n t  amount of h e a t  i s  l o s t  through evaporat ion of p e r s p i r a t i o n  

from t h e  s u r f a c e  o f  t h e  s k i n  and w i t h  t h e  expi red  air. The magnitude of these  

l o s s e s  depends pr imar i ly  on t h e  temperature,  t h e  humidity of t h e  surrounding 

a i r ,  and t h e  r a t e  of i t s  movement around t h e  body. A t  an a i r  temperature and 

temperature of o b j e c t s  surrounding an i n d i v i d u a l  equal  t o  +37' o r  more, hea t  

loss t a k e s  p lace  only through t h e  evaporation of s w e a t .  

Due t o  t h e  improvement of devices f o r  r e g u l a t i n g  t h e  body temperature,  

man can now withstand very s i g n i f i c a n t  v a r i a t i o n s  of temperature i n  t h e  sur

rounding air .  Thus, observat ions have shown t h a t  an i n d i v i d u a l  can surv ive  

f o r  23 minutes without p a r t i c u l a r  damage t o  himself a t  a dry-air  temperature 

(not containing water vapor) equal  t o  +116' C;  a warmly dressed i n d i v i d u a l  

can withstand extremely low temperatures (down t o  -88.3' C)  f o r  a long t i m e .  

142 



. .  . .  

A s  t h e  moisture  i n  t h e  a i r  decreases ,  i t s  h e a t  capac i ty  and h e a t  conduc

t i v i t y  i n c r e a s e  considerably.  Hence, the  range of temperatures which man can 

withstand i s  sharp ly  reduced. 

Although t h e  human organism has t h e  a b i l i t y  t o  withstand very high and 

very low ambient temperatures ,  t h i s  does n o t  mean t h a t  temperature has  no 

e f f e c t  upon i t .  Both high and low ambient temperatures wi th  s u f f i c i e n t l y  long 

exposure, w i l l  have s i g n i f i c a n t  d e t e r i o r a t i n g  e f f e c t s  on working a b i l i t y  and 
0w i l l  i n c r e a s e  f a t i g u e .  A temperature of +15 2 5 C i s  considered average f o r  

0a i r c r a f t  cabins .  A temperature of +18 t o  20 C is considered most favorable  

f o r  t h e  human organism. Such a temperature i s  conducive t o  increas ing  t h e  

r e s i s t a n c e  of t h e  organism t o  t h e  a c t i o n  of a l l  f l i g h t  f a c t o r s  and p a r t i c u l a r l y  

r e s i s t a n c e  t o  t h e  a c t i o n  of reduced barometric pressure ,  a c c e l e r a t i o n ,  e t c .  

The d i f f e r e n c e  i n  a i r  temperature a t  var ious poin ts  i n  the  cabin on t h e  

h o r i z o n t a l  (along t h e  cabin) m u s t  n o t  exceed 5" C ,  3 - 4" C i n  t h e  v e r t i c a l  

d i r e c t i o n ,  s i n c e  i t  is d e s i r a b l e  t h a t  t h e  a i r  temperature a t  t h e  f l o o r  of t h e  

cabin b e  somewhat h i g h e r  than i n  t h e  upper zone ( a t  t h e  l e v e l  of t h e  p i l o t ' s  

head). More s i g n i f i c a n t  temperature d i f f e r e n c e s  wi th in  t h e  cabin may cause 

colds.  

The temperature of t h e  cabin w a l l s  must n o t  d i f f e r  from t h e  a i r  tempera

t u r e  i n  t h e  cabin by more than 3" C ,  s i n c e  otherwise t h e  i n d i v i d u a l  w i l l  

undergo high hea t  loss as  a r e s u l t  of r a d i a t i o n .  

For hea t ing  a pressur ized  cabin of t h e  v e n t i l a t e d  type ,  a s  w e l l  as 

c r e a t i n g  t h e  required excess  p r e s s u r e  and v e n t i l a t i o n ,  a i r  is obtained from a 

compressor. This a i r ,  dur ing compression i n  t h e  compressor, i s  heated t o  

250 - 270" C and passes through a system of ducts  t o  reach t h e  lower and 

upper zones of t h e  cabin. To  r e g u l a t e  t h e  temperature  and t h e  amount of a i r  

e n t e r i n g  t h e  cabin from t h e  blower system, modern a i r c r a f t  have air-air 

r a d i a t o r s ,  a turbocooler ,  a r e g u l a t o r  f o r  a i r  feed t o  t h e  cabin and a 

thermostat .  
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During t h e  f l i g h t ,  t h e r e  i s  a continuous leakage of h e a t  ou t  of t h e  cabin.  

To reduce the  h e a t  l o s s e s ,  t h e  w a l l s  of t h e  cabin and t h e  p ipes  i n  t h e  blower 

system are covered wi th  a l a y e r  of i n s u l a t i o n  ( f i b e r g l a s s  o r  wool, soaked i n  

nonflammable subs tances) ,  4 - 1 7  mm th ick .  This  l a y e r  s imultaneously acts as 

sound i n s u l a t i o n .  

Thanks t o  t h e  thermal i n s u l a t i o n  and c o r r e c t  d i s t r i b u t i o n  of t h e  w a r m  

a i r  coming from t h e  compressor, temperature condi t ions  are crea ted  i n  

t h e  cabin which conform t o  hygienic  requirements.  

I n  some types of a i r c r a f t ,  hea t ing  t h e  cabin s o l e l y  by means of t h e  a i r  

coming from t h e  compressor i s  inadequate.  I n  t h i s  case, s p e c i a l  e lectr ical  

h e a t e r s  are used f o r  a d d i t i o n a l  heat ing.  They are used at  low a i r  temperature I 1 3 6  

i n  t h e  cabin and when t h e  g l a s s  f r o s t s  over.  An e l e c t r i c a l  h e a t e r  c o n s t i t u t e s  

an e l e c t r i c a l  air-blower furnace w i t h  a fan  and t h r e e  s e c t i o n s  of hea t ing  

elements. The e l e c t r i c  h e a t e r  i s  powered by t h e  e l e c t r i c a l  system aboard t h e  

a i r c r a f t .  I n  the  event  t h a t  overheating i s  p o s s i b l e ,  t h e  h e a t e r  automatical ly  

s h u t s  of f  with t h e  a i d  of a thermoswitch. 

. 

A t  t h e  present  t i m e ,  t h e  problem which i s  phys io logica l ly  most important 

and t e c h n i c a l l y  most d i f f i c u l t  i s  t h a t  of p r o t e c t i n g  t h e  p i l o t  aga ins t  over

hea t ing ,  e s p e c i a l l y  during f l i g h t s  a t  low a l t i t u d e s  and i n  h o t  climates. This 

problem is solved s u c c e s s f u l l y  by using air-condi t ioning.  

The air-condi t ioning system ( a i r  condi t ioner )  c o n s i s t s  of a cooling 

t u r b i n e  , heat ing  devices , and automatic temperature-regulat ing mechanisms. 

The a i r -condi t ioner  m a k e s  i t  p o s s i b l e  t o  maintain a i r  temperature i n  t h e  a i r 

c r a f t  cabin a t  any a l t i t u d e  a t  l e v e l s  which conform t o  t h e  hygienic  norm. 

Air humidity. The humidity of t h e  a i r  has  a d e f i n i t e  phys io logica l  e f f e c t  

on t h e  human organism. A t  low humidity, dryness of t h e  mucous membranes of 

t h e  eyes and nasopharynx is  seen; s k i n  becomes rough and cracks.  Other 

n e g a t i v e  phenomena are a l s o  observed. High humidity a l s o  has an unfavorable 
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e f f e c t  on man: a t  h igh  air temperatures ,  it promotes overheating of t h e  

organism, s i n c e  evaporat ion of s w e a t  is impeded, whi le  a t  low a i r  temperature 

i f  has  a supercool ing e f f e c t ,  s i n c e  moist a i r  increases  h e a t  conductivity-. 

I n  pressur ized  cabins of t h e  v e n t i l a t e d  type ,  a r e l a t i v e  humidity of 40 - 60% 

i s  considered most favorable;  a relative humidity of 20% is  t h e  average norm, 

and t h e  minimum level i s  15%. I n  cabins of t h e  regenerat ion type ,  t h e  

r e l a t i v e  humidity must b e  30 - 70%. 

The thermal s ta te  of an i n d i v i d u a l  i s  l a r g e l y  dependent on t h e  ra te  of 

a i r  movement. When t h i s  r a t e  i s  increased ,  h e a t  l o s s  is decreased. A t  low 

temperatures,  a i r  flow promotes rap id  cool ing of t h e  body. A t  h igh 

temperatures,  blowing air over t h e  body improves t h e  f e e l i n g s  of t h e  i n d i v i d u a l  

and prevents  him from being overheated. /137 

The rate of a i r  movement i n  t h e  cabin i n  any v e n t i l a t i o n  system and a t  

favorable  temperatures and humidity l e v e l s  i n  the  cabin must n o t  exceed 

0.2 m/sec; under less favorable  condi t ions ,  a r a t e  of 1 - 1.5 m / s e c  i s  

allowed. 

Chemical comTosition of t h e  a i r .  The condi t ion of the  h e a l t h  and 

working a b i l i t y  of man i s  s i g n i f i c a n t l y  inf luenced by t h e  chemical composition 

of t h e  a i r  i n  t h e  a i r c r a f t  cabin. Therefore,  considerable  importance i s  

placed on prevent ing p o l l u t i o n  of t h e  a i r  i n  t h e  cabin.  P o l l u t i o n  sources  

may b e  vapors from a v i a t i o n  f u e l ,  products  of pyro lys i s  of mineral  o i l s ,  and 

o ther  harmful impur i t ies .  

T o  a c e r t a i n  e x t e n t ,  t h e  excess  p r e s s u r e  produced i n  t h e  cabin by an 

engine compressor a c t s  as a p r o t e c t i o n  aga ins t  pene t ra t ion  of harmful gases 

i n t o  t h e  pressur ized  cabin through leaks  i n  i t s  wal l s .  However, toge ther  with 

t h e  a i r  which comes from the  compressor, f i n e  p a r t i c l e s  of o i l  ( o i l  fog) may 

e n t e r  t h e  cabin,  as w e l l  as vapors of kerosene and benzene, decomposition 

products of mineral  o i l  ( a c r o l e i n s  and aldehydes) and carbon monoxide 

(exhaust g a s ) .  Exhaust gas i s  t h e  most dangerous. 
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The t o x i c  e f f e c t  of carbon monoxide (CO) is g r e a t .  Man begins  t o  feel 

i t s  t o x i c  e f f e c t  a t  concent ra t ions  as low as 0.07 - 0.1 m g / l i t e r  of a i r .  

However, i n d i v i d u a l  s e n s i t i v i t y  of persons t o  t h e  e f f e c t  of exhaust gas is 

very d i f f e r e n t .  A t  concentrat ions of 0.22 "/liter, s l i g h t  pains  are f e l t  

a f t e r  two t o  t h r e e  hours i n  t h e  area of t h e  forehead and temples. A s  t h e  CO 

content  i n  t h e  i n s p i r e d  a i r  increases  , t h e  poisoning e f f e c t  i n c r e a s e s  rap id ly  

as w e l l .  Thus, t h e  l e t h a l  outcome may develop as follows: a t  a concentrat ion 

of 1.26 - 1.72 m g / l i t e r ,  i n  1.5 - 3 hours;  2.3 - 3.4 m g j l i t e r ,  30 - 45 minutes; 

5.7 - 11.5 m g / l i t e r ,  2.5 minutes; 14.08 m g / l i t e r ,  1- 3 minutes;  20 - 25 

m g / l i t e r ,  s e v e r a l  seconds. 

Carbon monoxide pr imar i ly  a f f e c t s  t h e  c e n t r a l  nervous system. Carbon 

monoxide poisoning may b e  mild o r  s e r i o u s .  Mild poisoning i s  accompanied by 

headache, d izz iness  and genera l  weakness. Sometimes f a t i g u e  and nausea a r e  


observed. I n  s e r i o u s  cases, loss of consciousness may r e s u l t ,  wi th  spasms 


and death.  The essence of the  a c t i o n  of carbon monoxide c o n s i s t s  i n  t h e  f a c t  1138 


t h a t  i t  e n t e r s  i n t o  a chemical r e a c t i o n  wi th  t h e  blood hemoglobin. As a 


r e s u l t  of t h e  r e a c t i o n ,  a r e s i s t a n t  chemical substance (carboxyhemoglobin) i s  


formed which cannot combine oxygen and supply i t  t o  t h e  t i s s u e s .  Consequently, 


i n  cases of carbon monoxide poisoning, t h e  supply of oxygen t o  t h e  t i s s u e s  by 


t h e  blood i s  d is rupted ,  which causes them t o  s u f f e r  from oxygen s t a r v a t i o n .  


Staying under condi t ions of reduced p a r t i a l  p r e s s u r e  of oxygen while  

brea th ing  a i r  t h a t  conta ins  carbon dioxide considerably i n c r e a s e s  the  effect  

of oxygen i n s u f f i c i e n c y  on t h e  organism; t h e  working a b i l i t y  of t h e  i n d i v i d u a l  

i s  d is rupted  t o  a l a r g e  e x t e n t .  Therefore,  i t  i s  necessary t o  take  a l l  

measures t h a t  w i l l  exclude any p o s s i b i l i t y  of carbon monoxide penet ra t ing  t h e  

cabin of t h e  a i r c r a f t .  A f a c t o r  which i s  very important i n  t h i s  regard is  

t imely performance of maintenance work on engines.  

Breakdown of mineral  o i l  t akes  place under t h e  i n f l u e n c e  of high tempera

t u r e s  t o  which p a r t s  of a i r c r a f t  engines are exposed. A number of gases 

harmful t o  t h e  organism are formed i n  t h i s  process .  The most important i s  
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a c r o l e i n ,  which, as mentioned e a r l i e r ,  c a u s e s , i r r i t a t i o n  of the mucous 

membrane of t h e  upper r e s p i r a t o r y  t r a c t s  and eyes. A t  t h e  same t i m e ,  formal

dehyde and unsaturated hydrocarbons may b e  formed, which have both a genera l  

and l o c a l  i r r i t a t i n g  e f f e c t .  The l i m i t  of permiss ib le  concentrat ion ( i n  

m g l l i t e r  of a i r )  of a c r o l e i n  i n  cabin a i r  i s  0.002, whi le  t h e  formaldehyde 

l e v e l  i s  0.005 mg/ l i te r .  

As w e  have a l ready  mentioned, benzene and kerosene vapor can a l s o  pene

trate t h e  cabin. The l i m i t  of permiss ib le  concent ra t ion  of benzene and kero

sene vapor i s  0.03 m g / l i t e r .  

Powder gases ,  as w e l l  as carbon monoxide, a l s o  contain n i t r o u s  oxides.  

The l i m i t  of permiss ib le  concentrat ion of n i t r o u s  oxide i n  t h e  cabin air  i s  

0.005 m g / l i t e r .  

I n  some o l d e r  types  of a i r c r a f t ,  exhaust gases can p e n e t r a t e  t h e  cabin 

which contain l e a d  and i t s  compounds i n  addi t ion  t o  carbon monoxide. The 

l i m i t  of permiss ib le  concentrat ions of lead and i t s  compounds i n  cabin a i r  i s  

0.001 m g / l i t e r ,  whi le  t h e  carbon monoxide l e v e l  i s  a maximum of 1%. 

These l i m i t s  of permiss ib le  concentrat ion l e v e l s  of t o x i c  substances a r e  

given without cons idera t ion  of t h e i r  t o t a l  e f f e c t  on the  organism. I n  t h e  /139 

t o t a l  e f f e c t ,  t h e  poisoning e f f e c t  of t h e  substances i s  increased many f o l d .  

To prevent  pene t ra t ion  of harmful i m p u r i t i e s  i n t o  t h e  cabin along w i t h  

t h e  a i r  t h a t  comes from t h e  compressor, the  pipes  are f i t t e d  with absorbing 

f i l ters.  I n  a d d i t i o n ,  i n  order  t o  prevent t h e  p o s s i b l e  accumulation of harm

f u l  i m p u r i t i e s ,  continuous v e n t i l a t i o n  of t h e  cabin i s  p r a c t i c e d ,  as w e  have 

already s a i d .  As a r e s u l t ,  t h e  chemical composition and phys ica l  p r o p e r t i e s  

of t h e  air  are normalized, i . e . ,  condi t ions are crea ted  which are favorable  

f o r  v i t a l  a c t i v i t y  of t h e  p i l o t .  
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As w e  already pointed out i n  Chapter 11, with increas ing  a l t i t u d e  t h e  

ozone content increases .  This  gas has  h ighly  t o x i c  p r o p e r t i e s .  A t  a l t i t u d e s  

o f  45 - 50 km, w e  f i n d  t h e  maximum concent ra t ion  of ozone, which does n o t  

exceed 0.000004%. However, i n  t h e  i n s p i r e d  a i r ,  a concentrat ion of 0.00001% 

(0,0001m g / l i t e r )  i s  considered t o  be t h e  maximum allowed. According t o  t h e  

d a t a  of t h e  French s c i e n t i s t  B i z e t ,  ozone becomes t o x i c  i f  i t  i s  contained i n  

a i r  i n  an amount of 0.0003% (0.003 m g / l i t e r ) .  A t  h igher  concent ra t ions ,  ozone 

w i l l  have a harmful e f f e c t ,  p r imar i ly  on t h e  r e s p i r a t o r y  organs.  

Ozone is  an uns tab le  chemical compound t h a t  breaks down r e a d i l y  a t  a 

temperature of +250 - 300" C. Therefore ,  on e n t e r i n g  t h e  blower system of  a 

pressur ized  cabin toge ther  wi th  o u t s i d e  a i r ,  ozone breaks down under t h e  

inf luence  of h igh  temperatures i n  the  turbocompressor. I n  a d d i t i o n ,  a t  high 

a l t i t u d e s  t h e  p i l o t  uses  oxygen suppl ies ,  s o  t h a t  h i s  r e s p i r a t o r y  organs are 

completely i s o l a t e d  from t h e  surrounding atmosphere. Therefore ,  even i f  i t  

should g e t  i n t o  t h e  cabin,  t h e  harmful e f f e c t  of ozone on t h e  organism is 

prevent ed . 

Hence, f o r  f l i g h t  crews of modem a i r c r a f t ,  ozone is a n e g l i g i b l e  danger. 

F l i g h t s  a t  high a l t i t u d e s  must be accompanied by determinat ion of t h e  

e f f e c t  of cosmic r a d i a t i o n  and s o l a r  r a d i a t i o n  on t h e  c r e w .  I n  a d d i t i o n ,  

during any f l i g h t ,  t h e  c r e w  members are subjec ted  t o  t h e  a c t i o n  of ion iz ing  

r a d i a t i o n ,  whose sources  are var ious  devices and r a d i o  apparatus  mounted 

aboard t h e  a i r c r a f t .  The d a i l y  dose of n a t u r a l  r a d i a t i o n  which an i n d i v i d u a l  

rece ives  under ordinary condi t ions on Earth amounts t o  0.4 - 2 m r e m  (8) . /L40 
This  dose is made up of e x t e r n a l  and i n t e r n a l  r a d i a t i o n .  The former c o n s i s t s  

of cosmic and s o l a r  r a d i a t i o n  as w e l l  as terrestrial gamma r a d i a t i o n ,  whi le  

t h e  second c o n s i s t s  of r a d i a t i o n  from r a d i o a c t i v e  elements i n  t h e  organism i n  

s m a l l  amounts. The human organism has  become accustomed t o  t h i s  dose of r a d i a t i o n  

during i t s  evolut ionary development. 

("The r e m  ( b i o l o g i c a l  roetgen equiva len t )  i s  t h e  amount of any form of 
r a d i a t i o n  equal  i n  i t s  b i o l o g i c a l  a c t i o n  t o  1 roetgen: m r e m  = 0.001rem. 
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However, a t  t h e  present  t i m e ,  var ious  r a d i o e l e c t r o n i c  devices  have come 

t o  b e  used i n  s c i e n c e  and technology which are sources of i o n i z i n g  r a d i a t i o n .  

When working wi th  them, personnel  must b e  exposed t o  r a d i a t i o n  a t  much h igher  

doses than t h e  dose o f  n a t u r a l  r a d i a t i o n ,  and which sometimes are dangerous f o r  

h e a l t h .  Therefore,  on t h e  b a s i s  of s c i e n t i f i c a l l y  based h e a l t h  r u l e s  and pro

cedures f o r  i n d i v i d u a l s  cons tan t ly  working w i t h  sources  of i o n i z i n g  r a d i a t i o n ,  

a m a x i m u m  admissible  dose of p r o f e s s i o n a l  r a d i a t i o n  has  been e s t a b l i s h e d .  

This s tandard  is a l s o  appl icable  t o  a i r c r a f t  cabins.  

W e  know t h a t ,  as a l t i t u d e  i n c r e a s e s ,  t h e  i n t e n s i t y  o f  cosmic r a d i a t i o n  

increases .  The dose of r a d i a t i o n  a t  t h e  a l t i t u d e s  reached by modem a i r c r a f t  

does n o t  exceed t h e  permiss ib le  r a d i a t i o n  l i m i t .  However, i f  w e  consider  

t h a t  t h e  f l i g h t  t i m e  of a i r c r a f t  a t  high a l t i t u d e s  i s  very l i m i t e d ,  t h e r e  is 

no b a s i s  f o r  f e a r i n g  any kind of harmful b i o l o g i c a l  e f f e c t  of cosmic r a d i a t i o n  

under such condi t ions.  An except ion i n  regard t o  danger of b i o l o g i c a l  e f f e c t s  

might b e  posed by f l i g h t s  a t  these  a l t i t u d e s  during chromospheric f l a r e s  on 

t h e  Sun, when t h e  i n t e n s i t y  of i o n i z i n g  r a d i a t i o n  increases  sharp ly .  However, 

such f l a r e s  occur r a r e l y .  
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CHAPTER V I  

PHYSIOLOGICAL-HYGIENIC FUNDAMENTALS 

OF OXYGEN EQUIPMENT 

The oxygen equipment used aboard modern m i l i t a r y  a i r c r a f t  c o n s t i t u t e s  

a method of increas ing  t h e  p a r t i a l  p r e s s u r e  of  oxygen i n  t h e  i n s p i r e d  a i r .  

This is necessary i n  those  cases when t h e  p a r t i a l  p r e s s u r e  of  oxygen cannot 

b e  r a i s e d  t o  t h e  requi red  level by i n c r e a s i n g  t h e  barometr ic  p r e s s u r e  i n  a 

pressur ized  cabin,  and a l s o  i n  t h e  event  of a c c i d e n t a l  decompression of t h e  

cabin a t  high a l t i t u d e s  o r  on parachuting from the a i r c r a f t .  

The components of t h e  oxygen equipment c o n s i s t  of t h e  a v i a t i o n  oxygen 

devices  and t h e  high a l t i t u d e  equipment. 

-eDevi ces 

Depending on t h e  method of  supplying t h e  oxygen, t h e r e  are t h r e e  types 

of a v i a t i o n  oxygen devices:  

(1) Devices wi th  continuous oxygen feed;  t h e s e  devices  supply oxygen 

both during i n s p i r a t i o n  and e x p i r a t i o n ;  

(2) Devices of t h e  "pulmonary automatic" type  wi th  p e r i o d i c  oxygen 

feed; oxygen is  suppl ied  only during i n s p i r a t i o n  by devices  of t h i s  kind; 

admission of oxygen beneath t h e  mask is  regula ted  by brea th ing;  
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(3) Devices of t h e  "pulmonary automatic" type f o r  brea th ing  oxygen 

under increased pressure ;  t h e s e  devices  operate  up t o  12,000 m as devices  o f  

t h e  "pulmonary automatic" type ,  b u t  above 12,000 m oxygen i s  suppl ied  t o  t h e  

r e s p i r a t o r y  tracts of t h e  user under p r e s s u r e  g r e a t e r  than t h a t  of t h e  

surrounding atmosphere. 

Aviation oxygen devices  are a l s o  charac te r ized  by t h e i r  purpose. Three 1142 

groups can b e  def ined when t h i s  system i s  used: 

(1) Onboard s t a t i o n a r y  oxygen devices ,  intended t o  supply oxygen t o  

t h e  c r e w  members a t  t h e i r  working s t a t i o n s  and i n s t a l l e d  i n  t h e  a i r c r a f t  

cabin,  w i t h  one device provided f o r  each crew member; 

(2) Onboard p o r t a b l e  oxygen devices ,  used t o  supply oxygen t o  the  crew 

members whi le  moving about t h e  a i r c r a f t ;  

( 3 )  Parachute oxygen devices ,  used t o  provide oxygen t o  c r e w  members 

when descending by parachute  from g r e a t  a l t i t u d e s  i n  t h e  event of an acc ident  

i n  t h e  a i r  o r  f o r  s p o r t .  

All oxygen devices  must provide automatic r e g u l a t i o n  of oxygen feed with 

a l t i t u d e ,  minimum r e s i s t a n c e  t o  i n s p i r a t i o n ,  and minimum weight and s i z e .  

They must b e  s imple and r e l i a b l e  t o  use. 

~0-qgen Devices with Continuous Oxygen Feed 

Devices wi th  continuous oxygen feed (Figure 27) c o n s i s t  of onboard 

s t a t i o n a r y  devices  i n s t a l l e d  pr imar i ly  on a i r c r a f t  designed f o r  f l y i n g  a t  

a l t i t u d e s  below 12,000 m as w e l l  as p o r t a b l e  and parachute  devices.  Devices 

of t h i s  type a r e  designed f o r  i n d i v i d u a l  and c o l l e c t i v e  use. Oxygen feed i n  

them increases  with a l t i t u d e  and i s  automat ica l ly  regula ted  wi th  t h e  a i d  of an 

aneroid device.  They o p e r a t e  t o g e t h e r  wi th  masks of t h e  open o r  semi-open 

type  (with a d d i t i o n a l  capac i ty) .  
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Figure  27. 	 Schematic diagram of device with 
continuous oxygen feed: 

1, 2 - reducing va lve  chambers; 3 - i n l e t  pipe;  4 ,  1 7  -
membranes; 5 - disk ;  6, 9 ,  13, 20 - s p r i n g s ;  7, 15 - plungers;  
8, 1 4  - s l i d e  valves; 10 - high-pressure reducing valve; 
11- s a f e t y  valve; 12  - low-pressure reducing valve; 
16  - o u t l e t  pipe;  18 - rod; 19 - l e v e r ;  21 - aneroid 
chamber. 

The oxygen mask of  t h e  semi-open type h a s  a d d i t i o n a l  capac i ty  i n  t h e  

form of a rubber bag connected t o  t h e  space beneath the  mask. The bottom of 

t h e  bag is provided w i t h  an opening t h a t  can b e  opened and closed (using a 

s p e c i a l  plug) t o  remove moisture  t h a t  is  formed during r e s p i r a t i o n  as t h e  

r e s u l t  of w a t e r  vapor condensation. The a d d i t i o n a l  capac i ty  means t h a t  t h e  

oxygen i s  consumed more economically and t h e  u s e r  o b t a i n s  b e t t e r  r e s u l t s  a t  

high a l t i t u d e s .  A mask of t h i s  type must f i t  very c l o s e l y  t o  t h e  face ;  

otherwise o u t s i d e  air w i l l  b e  drawn in .  This means t h a t  every p i l o t  must 

c a r e f u l l y  put  on t h e  mask and s t r a p  i t  t o  h i s  face.  
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A f t e r  each use, t h e  mask m u s t  b e  c a r e f u l l y  wiped and dr ied .  

Masks of both t h e  open and semi-open type have openings through which t h e  

space beneath t h e  mask communicates wi th  t h e  atmosphere. This means t h a t  

atmospheric air is  drawn i n  toge ther  wi th  pure oxygen when t h e  user  of t h e  

mask draws a brea th .  As a r e s u l t ,  t h e  oxygen m i x e s  w i t h  t h e  air which t h e  

i n d i v i d u a l  brea thes .  The oxygen content i n  t h i s  mixture  depends on t h e  amount 

of oxygen suppl ied beneath the  mask and the  depth of r e s p i r a t i o n .  When t h e  

f l i g h t  a l t i t u d e  remains t h e  s a m e ,  t h e  amount of oxygen a l s o  remains f i x e d ;  

t h e  l a t t e r  is s u f f i c i e n t  f o r  r e s p i r a t i o n  i n  a s ta te  of r e l a t i v e  p h y s i c a l  rest. 

However, under condi t ions of phys ica l  and neuro-emotional stress, t h e  depth 

of r e s p i r a t i o n  (pulmonary v e n t i l a t i o n )  i n c r e a s e s  s i g n i f i c a n t l y  , s o  t h a t  t h e  

volume of t h e  a i r  drawn i n  beneath t h e  mask i n c r e a s e s ,  and t h e  gas mixture 

contains  less oxygen. F i n a l l y ,  t h e  organism begins  t o  s u f f e r  from oxygen 

i n s u f f i c i e n c y ,  which may l e a d  t o  a decrease i n  working a b i l i t y .  This i s  t h e  

p r i n c i p a l  s h o r t  coming of t h e s e  devices .  

Another shortcoming of t h e s e  devices  is the  uneconomic consumption of 

oxygen; oxygen is  suppl ied  continuously,  b u t  used only during i n s p i r a t i o n ;  

i t  escapes f r e e l y  i n t o  t h e  atmosphere during e x p i r a t i o n .  Hence, more than 

50% of t h e  oxygen i s  wasted. Oxygen devices  wi th  continuous oxygen feed have 

a number of advantages over devices  of o t h e r  types.  The most important of 

t h e m  are t h e  following : 

- low r e s i s t a n c e  t o  r e s p i r a t i o n ;  

- convenience of use ,  s i m p l i c i t y  of design,  s m a l l  s i z e  of t h e  device,  

mask and hose; 

- i n s i g n i f i c a n t  v a r i a t i o n  i n  t h e  composition of t h e  i n s p i r e d  mixture 

w i t h  r e l a t i v e l y  loose  attachment of t h e  mask t o  t h e  face .  

Shortcomings of t h e  device are as follows: 
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-uneconomic u s e o f  oxygen because i t  is  suppl ied  during e x p i r a t i o n  and 

t h e  pauses between i n s p i r a t i o n  and e x s p i r a t i o n ;  

- d e t e r i o r a t i o n  of oxygen supply to t h e  organism during p h y s i c a l  o r  

neuro-emotional stress. 

Devices of t h i s  kind inc lude  s t a t i o n a r y  oxygen devices  KP-22 and KP-32 

and parachute devices  Kp-23 and KP27M. 

Oxygen Device KP-22 

Oxygen device Kp-22 is designed f o r  c o l l e c t i v e  use  wi th  continuous oxygen 

feed. It is i n s t a l l e d  i n  t r a n s p o r t  and passenger a i r c r a f t .  

It is designed f o r  supplying oxygem t o  as many as t e n  i n d i v i d u a l s  simul

taneously 2n f l i g h t  a t  dt5tdes erp to &,OOO m; i t  works i n  conjunct ion wi th  

a t y p e  KM-15 open mask. %e oxygen begins  t o  flow beneath t h e  mask beginning 

at 2,000 m; its supply i s  regula ted  automatical ly  depending on a l t i t u d e  and 

is  monitored on a gauge. A t  an a l t i t u d e  of 3,000 m y  a s i n g l e  i n d i v i d u a l  

receives 1 l i t e r  of oxygen p e r  minute; at  4,000 m y  h e  rece ives  approximately 

2 l i t e rs  and a t  8,000 m, 6 l i t e r s / m i n .  

The oxygen is suppl ied  from oxygen t a n k s  w i t h  a working p r e s s u r e  of 1145-
150 a t m .  I n  case of f a i l u r e  of t h e  automatic oxygen supply p r o e d e d  by t h e  

W-22, i t  is  necessary t o  use an emergency supply valve.  

Oxygen D e v i c e  Rp-32 

Oxygen device KP-32 belongs t o  t h e  s a m e  group of devices  as t h e  Kp-22. 

It i s  designed f o r  simultaneously supplying oxygen t o  as many as 20 i n d i v i d u a l s  

i n  f l i g h t  a t  a l t i t u d e s  up t o  12,000 m; it is used i n  conjunct ion w i t h  t h e  

KM-19 open-type mask. It is used aboard t r a n s p o r t  and passenger a i r c r a f t .  
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Oxygen is  suppl ied from onboard tanks;  tanks w i t h  a maximum oxygen 

pressure  of 30 and 150 a t m  are used. 

Oxygen feed begins  a t  2,000 m and is  regula ted  automatical ly  depending 

on a l t i t u d e .  A t  an a l t i t u d e  of 12,000 m and a temperature  of +20° C y  an ind i 

v i d u a l  w i l l  r ece ive  a maximum of 7 l i t e r s l m i n  of oxygen; at  -50' C ,  h e  w i l l  

receive up t o  9 l i t e r s / m i n .  Feed can b e  regula ted  w i t h  t h e  a i d  of a manual 

r e g u l a t o r  and monitored on a gauge. With manual r e g u l a t i o n ,  maximum oxygen 

feed wi th  connection a t  20 p o i n t s  w i l l  n o t  exceed 12 l i t e r s l m i n  a t  any one 

poin t .  

Onboard. ~~P o r t a b l e  Oxygen Devices. 

P o r t a b l e  oxygen devices may have e i t h e r  continuous oxygen feed (KP-21) 

o r  may b e  pulmonary-automatic (W-19). They are used on m i l i t a r y  t r a n s p o r t  

and c i v i l i a n  a i r c r a f t ,  as w e l l  as s p e c i a l  purpose a i r c r a f t .  

The p o r t a b l e  device i s  mounted on t h e  neck of an oxygen tank. The 

crew members use t h e s e  devices  i n  f l i g h t  a t  high a l t i t u d e s  when moving about 

t h e  a i r c r a f t  . 

Pa-r.a-+ute Oxygen Devices 

Parachute oxygen devices are designed f o r  i n d i v i d u a l  use with continuous 

oxygen feed. A l l  members of t h e  crew of m i l i t a r y  a i r c r a f t  are equipped with 

them. They are used on parachuting from t h e  a i r c r a f t ,  o r  i f  t h e  onboard m 

system f a i l s  a t  a l t i t u d e s  of 6,000 - 8,000 m o r  more. 1146 

The parachute oxygen device s u p p l i e s  oxygen t o  t h e  p i l o t  ( p a r a c h u t i s t ) :  

(a) when leaving  t h e  a i r c r a f t ,  from t h e  moment of s e p a r a t i o n  from t h e  a i r c r a f t  

and u n t i l  descent  t o  a s a f e  a l t i t u d e ;  (b) i n  t h e  event  t h e  onboard oxygen 

system f a i l s  a t  high a l t i t u d e s ,  from t h e  beginning of f a i l u r e  u n t i l  t h e  

a i r c r a f t  i s  brought down t o  a s a f e  a l t i t u d e  (approximately 4,000 m). 
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The t o t a l  supply of oxygen i n  a parachute  device  is intended f o r  

10 - 13 minutes of opera t ion .  

Parachute  oxygen devices  are used i n  conjunct ion wi th  a l l  s t a i o n a r y  

onboard oxygen devices  of t h e  pulmonary-automatic type ,  f l y i n g  s u i t s  and 

p res su r i zed  m a s k s  (p ressur ized  helmets) .  

Parachute  oxygen devices  are simple i n  design and convenient for use, and 

are s m a l l  i n  s i z e ;  each device  f i t s  i n t o  the parachute  pack. They do not have 

reducing valves  o r  oxygen flow i n d i c a t o r s .  There is ILO cons tan t  standard r a e  

o f  oxygen feed f o r  t h e s e  devices .  The feed per minute depends on pres su re  fn the 

s m a l l  t anks  and t h e  l e n g t h  of time t h e  device  i s  used. At the present t i m e ,  

parachute  oxygen  devices  W-23 and KP-27M are used. 

Parachute  oxygen device  KP-23 (Figure 28) is designed f o r  d t l t u d e s  up-

t o  14,000 m. 

The device c o n s i s t s  of a f l a t  m e t a l  box conta in ing  t h e  fal lowing:  a 

b a t t e r y  o f  s m a l l  tanks conta in ing  oxygen, c o n s i s t i n g  of 1 2  cupronickel  t d s  

connected i n  series Caving a t o t a l  volume of 0.825 l i ters ;  a s w i t &  w3th if 

s h u t a f f  va lve ;  an MK-14M oxygen manometer; a h e l i c a l  c a p i l l a r y  tube w k h  an 

i n t e r n a l  d iameter  of 0.35 mm t o  l i m i t  t h e  flow of oxygen; a chaxgbtg connec tar  

with a r e t u r n  valve. A l l  p a r t s  of t he  appara tus  a r e  f a s t e n d  by screws t o  

the base and cover. 

The oxygen supply i n  the tanks  i s  125 l i ters at a pressure of 150 atm. 

One minute after t h e  Kp-23 device  is  turned  on, oxspgen is suppl ied  a t  a rate 

of 16 l i t e r s / m i n  ( a f t e r  t e n  minutes , 4 l i t e r s / m i n u t e )  . 

Changeover of t h e  oxygen supply from t h e  s t a t i o n a r y  device t o  t h e  

parachute  type takes p lace  au tomat ica l ly  upon l eav ing  t h e  a i r c r a f t .  
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11. 
To mask 

I 
moard 

oxygen device 

Figure 28. Diagram of KP-23 parachute  
oxygen device: 

1 - charging connector;  2 - one-way 
3 - tee connector;  4 - manometer; 5 
of compressed oxygen; 6 - f i l t e r ;  7 
tube; 8 - shutof f  valve;  9 - switch; 
lock;  11 - r e t u r n  valve.  

va lve ;  
- s m a l l  tanks 
- c a p i l l a r y  

10 - removable 

I n  case i t  is  necessary t o  use t h e  KP-23 device a s  an emergency oxygen 

device i f  t h e  s t a t i o n a r y  supply f a i l s ,  t h e  c o n t r o l  pins  must b e  withdrawn 

from t h e  p lugs ,  and an immediate descent t o  a s a f e  a l t i t u d e  must b e  made. The 

K-23 i s  used wi th  any type of parachute  t h a t  has  a pack t o  accommodate i t .  

TheIKP-27M parachute  oxygen device i s  designed i n  t h e  same fash ion  as t h e  
-

KP-23, b u t  un l ike  t h e  l a t te r ,  t h e  KP-27M has an a d d i t i o n a l  oxygen tank t o  

rap id ly  f i l l  t h e  chamber of t h e  tensioning device of t h e  pressur ized  s u i t .  

A f t e r  t h e s e  chambers a r e  f i l l e d ,  t h e  excess oxygen passes  through t h e  pressure  

r e g u l a t o r  beneath t h e  mask and i s  used f o r  brea th ing .  
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The KP-27M is  included i n  t h e  KKO-lM and K O - 3  systems i n  f l i g h t s  above 

12,000 m. When the. p i l o t  ejects, t h e  KP-27M device switches on automatical ly .  

The oxygen supply i n  t h e  tanks  a t  a pressure  of 150 a t m  is equal  t o  I148 

130 liters. 

I n  case t h e  onboard oxygen system f a i l s ,  o r  i f  t h e  oxygen i n  t h e  onboard 

tanks i s  consumed, t h e  KP-27M device  i s  switched on manually. One minute 

a f t e r  t h e  KP-27M has  been switched on, i t  s u p p l i e s  up t o  60 liter/" of 

oxygen ( a f t e r  11 minutes of opera t ion ,  t h e  flow is  reduced t o  3 l i t e r / m i n ) .  

The KP-27M i s  used w i t h  parachutes  of any kind. 

~. _ -Oxygen Devices of t h e  "Pulmonary Automatic'' Type 

With P e r i o d i c  Oxygen F& 

Oxygen devices  of t h e  "pulmonary automatic I,* type with p e r i o d i c  oxygen 

feed  are t h e  type most widely used i n  a v i a t i o n .  They are c a l l e d  "pulmonary 

automatic' ' ,  because they  are a c t i v a t e d  by the  r e s p i r a t i o n  of t h e  user .  The 

impulse which switches on t h e  oxygen feed is a r e l a t i v e  r a r e f a c t i o n  which 

develops i n  t h e  main housing of t h e  device during i n s p i r a t i o n .  Therefore ,  

such devices ,  i .e.  , ordinary pulmonary automatic devices ,  are only used with 

closed (pressur ized)  masks. A t  a l t i t u d e s  up t o  4,000 m y  each b r e a t h  drawn 

i n t o  t h e  r e s p i r a t o r y  t r a c t s  of t h e  u s e r  admits oxygen o r  a mixture of t h e  

l a t te r  with atmospheric a i r  a t  a p r e s s u r e  which does not  exceed t h e  pressure  

of t h e  surrounding atmosphere. E x s p i r a t i o n t a k e s  p lace  i n t o  t h e  atmosphere 

through an exhaust valve l o c a t e d  i n  t h e  mask which opens o n e x s p i r a t i o n a n d  

c loses  on i n s p i r a t i o n .  In  c o n t r a s t  t o  t h e  composition of t h e  gas  mixture  

formed during opera t ion  of t h e  device  f o r  continuous oxygen feed wi th  masks 

o f  t h e  open type,  t h e  p e r c e n t i l e  content  of oxygen i n  the  gas mixture suppl ied 

by t h e  pulmonary automatic device i s  independent of t h e  depth and frequency 

of r e s p i r a t i o n .  It is  maintained automatical ly  w i t h i n  t h e  necessary l i m i t s ,  

depending on t h e  a l t i t u d e .  As a l t i t u d e  i n c r e a s e s ,  t h e  i n t a k e  of atmospheric 

*Edi tor ' s  Note: Automatic lung-type brea th ing  equipment (demand oxygen 
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a i r  decreases ,  and t h e  p e r c e n t i l e  content  of oxygen i n  t h e  i n s p i r e d  gas 

mixture increases .  A t  10,000 m, i n t a k e  of air is completely suspended, and 

pure oxygen begins  t o  flow from t h e  device i n t o  t h e  r e s p i r a t o r y  tracts. The 

amount of gas mixture i s  determined by t h e  depth and frequency of r e s p i r a t i o n  

(pulmonary v e n t i l a t i o n ) ,  which i n  t u r n  depends on p h y s i c a l  stress. 

Up t o  an a l t i t u d e  of  10,000 m, t h e  device maintains a p a r t i a l  p r e s s u r e  I149  

of oxygen i n  t h e  i n s p i r e d  a i r  which i s  equal  t o  i t s  p a r t i a l  p ressure  i n  t h e  

atmosphere a t  sea level (approximately 150 mm Hg). 

The mask of t h e  oxygen device must f i t  very c l o s e l y  t o  t h e  face.  Other

w i s e ,  due t o  i n t a k e  of atmospheric a i r  through leaks ,  oxygen s t a r v a t i o n  can 

develop as low as 6,000 - 10,000 m. I n  order  t o  exclude t h e  p o s s i b i l i t y  of 

drawing i n  a i r ,  improved oxygen devices  of t h e  "pulmonary automatic" type 

supply oxygen beneath t h e  mask wi th  a s l i g h t  (up t o  30 - 40 mm water  column) 

excess pressure .  The excess pressure  (head) is developed by a s p e c i a l  mechan

i s m  (head mechanism) which begins  t o  opera te  a t  a l t i t u d e s  above 4,000 m. 

A s  t h e  d e s i r e d  excess  pressure  of oxygen beneath t h e  mask i s  achieved, t h e  

head mechanism s t o p s  t h e  feed.  Feed i s  automatical ly  resumed as soon as t h e  

excess  oxygen p r e s s u r e  beneath t h e  mask f a l l s  below 40 mm water column. 

When i t  is necessary t o  switch t o  b r e a t h i n g  pure oxygen a t  a l t i t u d e s  up 

t o  10,000 m ( f o r  example, when e n t e r i n g  a zone contaminated by r a d i o a c t i v e  

and poisonous substances,  b a c t e r i a l  agents ,  o r  f o r  purposes of d e s a t u r a t i n g  

t h e  organism wi th  r e s p e c t  t o  n i t rogen)  t h e  mechanism f o r  drawing i n  atmospheric 

a i r  i s  shut  of f  manually. 

The advantages of t h e  "pulmonary automatic" type of apparatus inc lude  

t h e  following: economic consumption of oxygen and t h e  p o s s i b i l i t y  of using 

p i l o t s '  gas masks (sealed masks). 

The shortcomings of devices  of t h i s  type inc lude  t h e  following: r e s i s t a n c e  

t o  i n s p i r a t i o n  (up t o  60 mm water  column) which develops because,  i n  order  t o  

159 



opera te  t h e  device,  i t  i s  necessary f i r s t  of a l l  t o  develop a corresponding 

r a r e f a c t i o n  i n  it; complexity of  opera t ion  ( i n  comparison t o  t h e  opera t ion  of 

devices with continuous oxygen feed)  , s i n c e  more accura te  handl ing i s  required:  

i n d i v i d u a l  f i t t i n g  of  t h e  mask and constant  a t t e n t i o n  t o  the  t i g h t n e s s  wi th  

which it  i s  a t tached ,  t r a i n i n g  t h e  f l i g h t  c r e w  t o  become accustomed t o  t h e  use 

of t h e  device.  

~~System of KP-18K Oxyggn- Device /150 

I n  a d d i t i o n  t o  t h e  KP-18K device i t s e l f ,  t h e  system inc ludes  the  following: 

KP-23 parachute  device oxygen mask KM-16AY oxygen hose KSh-PO , i n d i c a t o r  

I K - 1 8 ,  reducing valve KR-14AY and onboard oxygen f i t t i n g s  KAB-14. 

The KP-18K oxygen device (Figure 29) ,  designed f o r  i n d i v i d u a l  use,  

operates  on t h e  "pulmonary-automatic" p r i n c i p l e ;  t h e  oxygen is  suppl ied period- /151 

icalLy (only during i n s p i r a t i o n )  a t  a l o w  excess pressure  ( h e a d ) .  The p e r c e n t i l e  

content  of oxygen i n  t h e  gas mixture i s  regula ted  au tomat ica l ly ,  depending on 

a l t i t u d e .  

The KP-18K device i s  intended f o r  supplying t h e  p i l o t  w i t h  oxygen a t  

a l t i t u d e s  up to and inc luding  12,000 m. 

The gas mixture suppl ied  by t h e  device a t  4,000 m contains  35 - 55% 

oxygen (55 - 92% at  7,500 m y  90% o r  more a t  8,500 m). 

The average r a t e d  normal l e v e l  of oxygen flow a t  a l t i t u d e s  up t o  

8,000 m is 6 l i t e r s / m i n ,  while  above 8,000 m i t  i s  1 0  l i t e r / m i n .  

In  case t h e  head mechanism should f a i l  o r  t h e  "pulmonary-automatic" 

oxygen supply should n o t  o p e r a t e  c o r r e c t l y ,  oxygen can b e  obtained through an 

emergency valve opened manually. 
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Figure  29. Diagram of KP-18K oxygen device:  
21 - oxygen tank (150kgf/cm ) ;  2 - IK-18 oxygen i n d i c a t o r ;  

3 - reducing va lve  (10 kgf/cm 2 ) ;4 - emergency va lve ;  
5 - pulmonary automatic  device;  6 - head system; 
7 - e j e c t o r ;  8 - automatic  a i r  i n l e t ;  9 - oxygen mask 
(KM-16A); 10 - KP-23 oxygen device.  

To check t h e  ope ra t ion  of t h e  KP-lgK, t h e  IK-18 i n d i c a t o r  i s  used,  which 

c o n s i s t s  of a manometer and an oxygen i n d i c a t o r .  

____Oxygen Devices o f  t h e  "Pulmonary Automatic" Type f o r  

-Breathing Oxygen Under Excess P r e s s u r e  
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F l i g h t s  a t  a l t i t u d e s  above 12,000 m w i t h  ord inary  oxygen devices  of t h e  

"pulmonary automatic" type are p o s s i b l e  aboard a i r c r a f t  w i t h  pressur ized  cabins , 
i n  which t h e  pressure  i s  maintained h i g h e r  than i n  t h e  surrounding atmosphere. 

However, i n  t h e  case of  cabin depressur iza t ion  at  t h e s e  a l t i t u d e s ,  t h e  

p i l o t  w i l l  undergo severe oxygen i n s u f f i c i e n c y  (oxygen s t a r v a t i o n )  ,which can 

Lead t o  a rap id  loss of consciousness.  As w e  have a l ready  mentioned, t h i s  i s  

caused by t h e  atmospheric p r e s s u r e  being too  low a t  t h e s e  a l t i t u d e s ;  

consequently,  t h e r e  is low p a r t i a l  p ressure  of  oxygen i n  t h e  i n s p i r e d  and 

a l v e o l a r  air. Thus, f o r  example, at  13,500 m t h e  p a r t i a l  p r e s s u r e  of oxygen 

i n  t h e  a l v e o l a r  air when brea th ing  pure oxygen drops t o  40 mm Hg, i .e.  , 
approximately t o  t h e  va lue  of t h e  p a r t i a l  p ressure  of oxygen when brea th ing  

atmospheric air a t  an a l t i t u d e  of  5,000 m. Such a p a r t i a l  p r e s s u r e  of a l v e o l a r  

oxygen i s  i n s u f f i c i e n t  f o r  normal s a t u r a t i o n  of t h e  blood w i t h  oxygen. I n  

order  t o  allow t h e  organism t o  a t t a i n  t h e  required amount of oxygen a t  a l t i 

tudes above 12,000 m, i t  is necessary t o  i n c r e a s e  t h e  pressure  of  t h e  oxygen 

being suppl ied.  To do t h i s ,  types  of devices  of t h e  "pulmonary automatic" 

type are employed f o r  b r e a t h i n g  oxygen under excess pressure  (Figure 30). 

Oxygen devices  of  t h i s  type supply pure oxygen t o  t h e  mask a t  a l t i t u d e s  /152 

above 12,000 m under p r e s s u r e  which exceeds atmospheric a t  f l i g h t  a l t i t u d e .  

This means t h a t  the p a r t i a l  p ressure  of t h e  oxygen i n  t h e  a l v e o l a r  a i r  is 

increased,  and i t s  s a t u r a t i o n  i n  the  a r t e r i a l  blood i s  improved. Thus, f o r  

example, when brea th ing  pure oxygen a t  15,000 m a t  an excess pressure  beneath 

t h e  mask of 20 - 25 mm Hg, t h e  p a r t i a l  p ressure  of oxygen i n  t h e  a l v e o l a r  a i r  /153-
reaches 45 - 60 mm Hg. This makes i t  p o s s i b l e  f o r  t h e  p i l o t  t o  r e t a i n  s a t i s 

f a c t o r y  working a b i l i t y  f o r  a s h o r t  per iod  of t i m e .  The mask of t h e  oxygen 

device wi th  excess  p r e s s u r e  must b e  very c a r e f u l l y  f i t t e d  t o  t h e  f a c e  and l i e  

t i g h t l y  aga ins t  i t .  I n  t h e  case of a poor f i t  of t h e  mask, i t  is d i f f i c u l t  

t o  develop t h e  requi red  excess p r e s s u r e  beneath i t  and t o  achieve an 

economical consumption o f  oxygen. 
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xcess  pressure  

1 

To mask 

Figure 30. Diagram of oxygen device wi th  excess pressure :  

I, 11,.111 - chambers; 1 - pulmonary automatic valve;  
2 - main reducing valve spr ing;  3 - a u x i l i a r y  spr ing;  
4 ,  1 4  - membranes of reducing valve;  5 - i n t a k e  valve;  
6 - emergency oxygen supply valve;  7 - nozzle;  
8, 9 ,  13  - valves; 10, 11 - aneroid chambers; 1 2  -
spr ing;  15 - handle. 

Oxygen devices  w i t h  excess pressure  represent  improved pulmonary 

automatic devices .  I n  f l i g h t  i n  a pressur ized  cabin ( a t  p ressures  of 0.3-0.4 

atm), they work as pulmonary automatic devices  and supply t h e  organism w i t h  

s u f f i c i e n t  oxygen a t  any a l t i t u d e .  I f  t h e  cabin i s  depressurized a t  a l t i t u d e s  

above 12,000 m, t h e  devices  au tomat ica l ly  change over  t o  continuous feed  of 

pure oxygen under excess p r e s s u r e  and maintain s u f f i c i e n t l y  high p a r t i a l  
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pressure  of oxygen i n  t h e  a l v e o l a r  air. I n  t h e  first case, w i t h  a pulmonary 

v e n t i l a t i o n  of 1 5  l i t e r s / m i n ,  t h e  flow of oxygen changes from 2 l i t e r s / m i n  

a t  5,000 m t o  8-10 l i t e r s / m i n  a t  12,000 my while  i n  t h e  second case a t  a l t i 

tudes of 12,000-15,000 m oxygen i s  consumed a t  t h e  rate of 15-20 l i t e r s / m i n .  

A s  w e  have a l ready  pointed out  (see Chapter I V ) ,  a t  t h e  p r e s e n t  t i m e  

oxygen devices e x i s t  w i t h  excess  pressure  modes of 115, 130 and 145 mm Hg. 

Oxygen devices  with a pressure  mode of 115 mm Hg are used a t  a l t i t u d e s  

up t o  15,000 m y  and develop an excess pressure  i n  t h e  lungs up t o  25 mm Hg, 

while  oxygen devices with a regime of 130 mm Hg can maintain excess pressure  

i n  t h e  lungs up t o  75 mm Hg a t  a l t i t u d e s  up t o  18,000 m y  and devices  wi th  a 

pressure  mode of 145 mm Hg can provide excess  p r e s s u r e  i n  t h e  lungs up t o  

145 mm Hg a t  a l t i t u d e s  as g r e a t  above 18,000 meters. 

Hence , t h e  oxygen devices  intended f o r  b r e a t h i n g  oxygen under pressure  

opera te  up t o  12,000 m as pulmonary automatic devices .  The p e r c e n t i l e  content  

of oxygen i n  t h e  i n s p i r e d  gas mixture increases  au tomat ica l ly  when t h e  a i r c r a f t  

climbs t o  10,000 m o r  less and its p a r t i a l  p ressure  i n  t h e  lungs i s  kept  

approximately t h e  s a m e  as when brea th ing  atmospheric a i r  under terrestrial  

condi t ions.  A t  a l t i t u d e s  of 11,000-12,000 m y  r e g a r d l e s s  of t h e  i n f l u x  of 

pure oxygen, i ts p a r t i a l  p ressure  i n  t h e  a l v e o l a r  a i r  decreases  somewhat. 

However, t h e  p i l o t  cont inues t o  f e e l  completely comfortable.  

I n  t h e  115 mm Hg brea th ing  mode, oxygen devices  KP-24M and KP-28M 

operate .  The l a t t e r ,  a t  an a l t i t u d e  of 15,000 m, produces an excess pressure  

i n  the  lungs up t o  25 mm Hg, so  t h a t  t h e  p a r t i a l  p r e s s u r e  of  oxygen i n  t h e  

a l v e o l a r  a i r  i s  kept  at  45-60 mm Hg and t h e  s a t u r a t i o n  of t h e  blood with 

oxygen reaches 75-85%. I f  t h e  excess  pressure  i n  t h e  lungs does n o t  exceed 

25 mm Hg, hea l thy  persons undergoing t r a i n i n g  whi le  brea th ing  under pressure  

w i l l  not  show any s i g n i f i c a n t  changes i n  phys io logica l  func t ions .  

With a f u r t h e r  i n c r e a s e  i n  the  excess pressure  of oxygen i n  t h e  lungs,  

c i r c u l a t o r y  d is turbances  and r e s p i r a t i o n  impairment may develop. To prevent 
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adverse consequences due t o  b rea th ing  under p re s su re  a t  a l t i t u d e s  above 

15,000 m, t h e s e  oxygen devices  are used i n  conjunct ion w i t h  a s p e c i a l  pres

s u r i z e c  s u i t .  

F l i g h t s  at  a l t i t u d e s  above 12,000 m us ing  devices in tended  f o r  b rea th ing  

oxygen under p re s su re  may b e  performed by p i l o t s  who have c a r e f u l l y  s t u d i e d  t h e  

device,  its p r i n c i p l e  of opera t ion  and the r u l e s  f o r  us ing  t h e s e  devices ,  and 

have learned  how t o  b rea the  under excess pressure .  

System of S tar ionary  Oxyfen .Device W-24M 

The system of the  Kp-24M device is intended f o r  supplying t h e  f l i g h t  

crew wi th  oxygen i n  a p res su r i zed  cabin  a t  a l t i t u d e s  up t o  14,000 m and i n  a 

depressur ized  cabin a t  a l t i t u d e s  up t o  12,000 m f o r  t h e  du ra t ion  of an e n t i r e  

f l i g h t .  I n  the  event of cabin decompression a t  a l t i t u d e s  from 12,000 t o  

14,000 m, of s t ay ing  a t  t h e s e  a l t i t u d e s  i s  l imi t ed  t o  5-25 minutes. 

The system of t h e  KP-24M device c o n s i s t s  of t he  following: 

- oxygen device KP-24M; 

- oxygen device KM-32 (KM-30M) ; 

- reducing va lve  KP-24; 

- excess p res su re  r e g u l a t i n g  valve RD-24; /155 

- oxygen i n d i c a t o r  IK-18 ;  


- excess p re s su re  manometer M-1000; 


- oxygen hose KSh-24; 


- onboard oxygen supply accesso r i e s  KAB-14; 


- parachute oxygen device Kp-23; 

- p o r t a b l e  oxygen supply ( U P ) .  

Oxygen device KP-24M (Figure 31) opera tes  i n  t h e  pulmonary-automatic 

mode, and is intended f o r  b rea th ing  oxygen under pressure .  The oxygen 

p res su re  is r egu la t ed  au tomat ica l ly  wi th  a l t i t u d e .  
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Figure 31. Diagram of KP-24M oxygen device: 

21 - oxygen tank (150 kgf/cm ) ;  2 - I K - 1 8  
oxygen i n d i c a t o r ;  3 - reducing valve 

(12-15kgf/cm 2) ;  4 - s a f e t y  valve; 5 -
(main) pulmonary automatic device;  6 -
a u x i l i a r y  pulmonary automatic device 
( head mechanism ); 7 - e j e c t o r ;  8 - main 
automatic a i r  i n t a k e ;  9 - reducing valve; 
10 - switching mechanism; 11 - auto
matic device f o r  a u x i l i a r y  a i r i n t a k e ;  1 2  -
p r e s s u r i z a t i o n  mechanism; 13 - manual 
r e g u l a t o r  f o r  excess pressure ;  14 - vacuum 
valve; 15 - excess  pressure  regula tor ;  
1 6  - M-1000 manometer; 1 7  - KM-32 oxygen 
mask; 18 - compensating valve f o r  exspira
t i o n  ( s a f e t y  va lve) ;  1 9  - RD-24 excess 
pressure  r e g u l a t i n g  valve; 20 - KP-23 
oxygen device.  

The device has  t h r e e  

c h a r a c t e r i s t i c  opera t ion  modes. 

F i r s t  Mode-. A t  a l t i t u d e s  

up t o  2,000 m, t h e  need of t h e  

organism f o r  oxygen a t  low and 

medium pulmonary v e n t i l a t i o n  

is s a t i s f i e d  only by t h e  oxygen 

i n  t h e  a i r ,  suppl ied  t o  t h e  

device through an automatic 

device providing a d d i t i o n a l  /156 

inleakage.  This  allows a more 

economi c consumption of oxygen. 

The pulmonary automatic device 

s u p p l i e s  oxygen only on deep 

i n s p i r a t i o n ,  i . e . ,  with high 

pulmonary v e n t i l a t i o n .  When 

it is  necessary t o  switch over 

t o  b r e a t h i n g  pure oxygen, t h e  

automatic a i r  i n t a k e  system 

c u t s  o u t  manually. From 

2,000-5,000-8,000 m, oxygen 

is  suppl ied  by t h e  main pul

monary automatic device. 

Second Mode. A t  a l t i 

tudes of 5,000-8,000 m, t h e  mechanism f o r  low excess  pressure  of oxygen i s  

a c t i v a t e d  (head mechanism). If  the  mask is sealed t i g h t l y ,  a s l i g h t  excess 

pressure  develops i n  t h e  brea th ing  system (30-40 mm w a t e r  column) and t h e  

device opera tes  as a pulmonary automatic device. I f  t h e  mask is  appl ied i n  

such a way t h a t  i t  i s  not a i r t i g h t ,  oxygen cons tan t ly  leaks  o u t  from under 

i t .  This  means t h a t  consumption can rise t o  20 l i t e r s / m i n .  
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With low and average pulmonary v e n t i l a t i o n ,  t h e  oxygen which e n t e r s  t h e  

device through t h e  head mechanism is  completely adequate f o r  r e s p i r a t i o n ,  so  

t h a t  t h e  main pulmonary automatic device does n o t  operate .  With high pul

monary v e n t i l a t i o n ,  i n  a d d i t i o n  t o  t h e  head mechanism, t h e  m a i n  pulmonary 

automatic device commences opera t ion ,  making up f o r  t h e  shor tage  of oxygen. 

B i r d  Mode. A t  a l t i t u d e s  above 11,000 m, t h e  excess oxygen pressure  

beneath t h e  mask i n c r e a s e s  wi th  a l t i t u d e ,  ensur ing  t h a t  t h e  required p a r t i a l  

p ressure  of oxygen is  maintained i n  t h e  lungs. 

With impeded r e s p i r a t i o n  o r  poor condi t ion  (of t h e  u s e r ) ,  t h e  emergency 

valve f o r  oxygen feed is opened manually. I n  t h i s  case,  as when using the 

parachute oxygen device KP-23 o r  t h e  p o r t a b l e  supply W ,  excess pressure  i n  

the  mask is  produced by continuous feed of oxygen and regula ted  according t o  

a l t i t u d e  by an RD-24 regula tor .  I n  case of emergency feed, oxygen is  con

sumed a t  t h e  rate of 15-23 l i t e r s l m i n .  

When t h e  excess pressure  i n  the  space i n s i d e  t h e  device exceeds 800 mm 

w a t e r  column, a s a f e t y  valve opens and t h e  excess oxygen is  discharged i n t o  

the  atmosphere. 

To create t h e  excess pressure  t o  tes t  t h e  t i g h t n e s s  of t h e  mask on t h e  

ground, a manual r e g u l a t o r  is employed. It i s  l o c a t e d  on t h e  l i d  of the 

KP-24M device.  

The p e r c e n t i l e  content  of oxygen i n  t h e  gas mixture reaching t h e  mask 1157 

from t h e  KP-24M device is shown i n  Table 1 7 .  

The r e s i s t a n c e  of t h e  device t o  i n s p i r a t i o n  under var ious  condi t ions of 

opera t ion  does n o t  exceed 50-65 mm w a t e r  column. 

Addit ional  oxygen feed t o  develop an excess pressure  begins  a t  11,000

13,000 m and does n o t  exceed 3 l i t e r s / m i n .  
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TABLE 17. 

7.5 27-45 35-55 49-70 ti8-90 95-100 

30 27-55 35-75 49-82 68-100 95-100, 

The excess pressure  i n  t h e  device produced by a manual r e g u l a t o r  a t  an 

oxygen consumption rate of 30 l i t e r s / m i n  w i l l  reach 400 mm w a t e r  column. 

The values  of t h e  excess pressure  i n  t h e  mask (mm w a t e r  column), developed 

by t h e  KP-24M device with pulmonary v e n t i l a t i o n  a t  t h e  rate of 15 l i t e r s / m i n  
2and oxygen de l ivered  t o  t h e  device a t  a pressure  of 8 kg/cm , are l i s t e d  i n  

Table 18. 
TABLE 18  

emperature of 
Phase of r e s p i r a t i o n  mbient medium, 

Pause 
I n s p i r a t i o n  

1 

Paus e - - 330 
I n s p i r a t i o n  -

! 
- 85 +50 

Oxygen mask KM-32 (Figure 32). This i s  a s e a l e d  u n i t  which operates  

under excess  pressure ,  intended f o r  p r o t e c t i n g  t h e  r e s p i r a t o r y  organs a g a i n s t  

t h e  surrounding atmosphere when supplying t h e  p i l o t  w i t h  oxygen from an on-

board o r  parachute oxygen device a t  a l t i t u d e s  up t o  18,000 m. The mask i s  1158 
used i n  conjunction wi th  an interphone headset  ShL-60 (ShZ-60). The back 

p a r t  of the  interphone headset  has a pocket f o r  t h e  t i g h t n e s s  compensator. 
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Figure 32. KM-32 oxygen mask. 

A DEMSh-1A microphone i s  used t o  c a r r y  on 

r a d i o  communications; i t  is  mounted i n  the 

body of t h e  mask, o r  else t h r o a t  micro

phones are used. 

Under ground condi t ions,  wi th  a con

stant feed of a i r  a t  50 o r  90 l i t e r s l m i n ,  

the  resistance of t h e  mask t o  i n s p i r a t i o n  

does n o t  exceed 15 and 35 mm water column, 

while  t h e  resistance t o  e x p i r a t i o n  without 

excess pressure  is 35 and 60 mm w a t e r  

column, wi th  an excess pressure  of 75 mm 

Hg (65 and 80 mm water  column). 

A t  an a l t i t u d e  o f  13,000 m y  with a 

constant  flow of a i r  a t  15 l i t e r s / m i n  a t  

an excess pressure  of 22 mm Hg, t h e  re

s i s t a n c e  of t h e  mask t o  e x p i r a t i o n  i s  equal  t o  17-30 mm w a t e r  column, while  

a t  an excess pressure  of 75 mm Hg i t  is  27-42 mm w a t e r  column. 

The KM-32 mask, a p iece  of equipment designed f o r  i n d i v i d u a l  use,  i s  

f i t t e d  beforehand and fas tened  t i g h t l y  t o  t h e  face  and interphone headset  of 

each crew member independently.  The masks are made i n  5 s i z e s :  t h e  f i r s t  

i s  smallest and t h e  f i f t h  i s  l a r g e s t .  The interphone headset  i s  s e l e c t e d  

t o  f i t  t h e  s i z e  of t h e  head. 

The M-1000 manometer is intended f o r  checking t h e  excess oxygen pressure  

i n  t h e  device,  while  t h e  IK-18 i n d i c a t o r  monitors t h e  opera t ion  of t h e  

pulmonary-automatic device.  

Regulator RD-24 i s  used f o r  automatic r e g u l a t i o n  o f  excess pressure  

beneath t h e  mask and i n  t h e  t i g h t n e s s  compensator ( t i g h t e n i n g  device) ,  de

pending on t h e  f l i g h t  a l t i t u d e  a t  which t h e  parachute  oxygen device i s  t o  b e  I159 
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used, and t h e  p o r t a b l e  oxygen supply,  o r  when t u r n i n g  on t h e  emergency oxygen 

feed  for t h e  SP-24M device.  

The p o r t a b l e  oxygen supply (KAP) i s  intended to supply oxygen t o  t h e  

c r e w  members when they are moving about t h e  aircraft .  The KAP supply system 

inc ludes  t h e  following: a f l e x i b l e  e las t ic  hose,  2.5 m long,  w i t h  a connector 

and r e t u r n  valve; a hose connector 0.2 m long,  f o r  connecting t h e  e l a s t i c  

hose t o  t h e  mask; a plug-stopper with a vacuum valve and chain; a tee connector 

and bag f o r  s t o r i n g  t h e  KAP assembly aboard t h e  a i r c r a f t .  When switching t h e  

oxygen supply from t h e  s t a t i o n a r y  device t o  t h e  W supply,  oxygen is  suppl ied  

continuously.  

System f o r  _S-t.ationary@cygen Device KP-28M 

The system of t h e  KP-28M device s u p p l i e s  oxygen t o  t h e  p i l o t  during 

f l i g h t  i n  a decompressed cabin a t  a l t i tudes’  up t o  12,000 m, and i n  a pressur ized  

cabin up t o  a l t i t u d e s  o f  15,000 m f o r  t h e  dura t ion  of  t h e  e n t i r e  f l i g h t .  

I n  t h e  event of cabin decompression a t  a l t i t u d e s  from 12,000 t o  15,000 

m, t h e  length  of t i m e  the cabin remains h a b i t a b l e  i s  l i m i t e d  t o  5-10 minutes. 

The system of t h e  KP-28M device c o n s i s t s  of t h e  following: 

- oxygen dev ice  KP-28M; 

- oxygen mask KM-32; 

- reducing valve KP-28; 

- excess pressure  r e g u l a t o r  RD-28; 


- oxygen i n d i c a t o r  IK-18M; 


- oxygen hose KSh-10; 


- onboard oxygen supply KAB-14; 


- parachute oxygen device Kp-23. 

Oxygen device KP-28J (Figure 33) is  a pulmonary-automatic device in

tended f o r  brea th ing  oxygen i n  a mask under excess pressure .  A t  a l t i t u d e s  
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Figure 33. Diagram of KP-28M oxygen 
device: 

1 - oxygen tank (150kgf/cm 2> ;  2 -
I K - 1 8  oxygen i n d i c a t o r ;  3 - KR-28 
reducing valve;  4 - emergency 
valve;  5 - pulmonary automatic 
device; 6 - head mechanism; 7 -
e j e c t o r ;  8 - automatic a i r  i n t a k e ;  
9 - continuous feed  u n i t ;  10 -
KM-32 oxygen mask; 11 - compen
s a t i n g  exhaust valve; 1 2  - RD-28 
excess pressure  reduczng valve;  
13  - KP-23 oxygen device.  

up t o  11,000 t o  13,000 m y  i t  opera tes  

i n  a mode involving p e r i o d i c  oxygen 

feed,  i .e.,  l i k e  a device of t h e  

11pulmonary- a u t  omatic" type wi th  

excess pressure  n o t  exceeding 40 mm 

w a t e r  column. Beginning a t  a l t i t u d e s  1160 

of 11,000-13,000 m y  t h e  device opera tes  

i n  t h e  mode of  continuous oxygen feed,  

developing excess oxygen pressure  be

nea th  t h e  mask corresponding t o  t h e  

f l i g h t  a l t i t u d e  (Table 1 9 ) .  

The excess pressure  i s  regula ted  

automatical ly  wi th  a l t i t u d e  by pressure  

r e g u l a t o r  RD-28. / 1 6 1  

I n  t h e  case of pulmonary vent i 

l a t i o n  a t  a rate of 7.5 l i t e r s / m i n ,  

oxygen is  contained i n  t h e  following 

amounts i n  t h e  gas mixture which reaches 

t h e  mask: a t  4,000 m y  35-55%; 7,500 m y  

55-92%; 8,500 m y  90%; 10,000 m and 

up, 100%. 

When using t h e  KP-28M device a t  

a l t i t u d e s  up t o  11,000-13,000 m y  oxygen is consumed a t  an average rate of 

5.5 l i t e r s / m i n ,  while  a t  g r e a t e r  a l t i t u d e s  i t  is used at: t h e  rate of  15-20 

l i t e r s / m i n .  

The p a r t i a l  p r e s s u r e  of  oxygen i n  the i n s p i r e d  air developed by the 

device a t  an a l t i t u d e  of 10,000 m reaches 150 mm Hg, 80 mm Hg a t  13,000 m y  

72 mm Hg at  14,000 m and 68 mm Hg a t  15,000 meters. 

171 




TABLE 19. 

a l t i t u d e ,  m 
F l i g h t  
a l t i t u d e ,  m 

4000 

8000 

10 OOO 

Excess p r e s s u r e  
under mask, mm 

Excess pressure ,  	 /160 
mm w a t e r  column 

on on 
exspira
t i o n  

190 
280 
360 

i n sp i  ra
t i o n  

65 
135 
270 

0 
40 
40 

I3 000 
14 000 
I5 000 

The KR-28 reducing valve reduces the  oxygen pressure  coming from t h e  

tanks a t  a pressure  of 150-30 a t m  t o  8 a t m ;  t h e  RD-28 r e g u l a t o r  automatical ly  

r e g u l a t e s  t h e  excess p r e s s u r e  i n  t h e  mask a t  a l t i t u d e s  above 11,000 m when 

feeding from onboard and parachute  oxygen devices;  t h e  IK-18M i n d i c a t o r  makes 

i t  p o s s i b l e  t o  monitor t h e  opera t ion  of t h e  JW-28M device.  

HiPh A l t i t u d e  Equipment 

Experiments and f l i g h t  experience a t  g r e a t  h e i g h t s  have shown t h a t  

brea th ing  oxygen under excess pressure  without developing a compensatory 

e x t e r n a l  counterpressure on t h e  s u r f a c e  of t h e  body i s  only e f f e c t i v e  a t  

a l t i t u d e s  up t o  15,000 m. A t  t h i s  a l t i t u d e ,  t h e  maximum excess  pressure  i n  

the lungs must be no more than 25 mm Hg, o r  t h e  p a r t i a l  p ressure  of oxygen 

i n  t h e  a l v e o l a r  a i r  - 45-60 mm Hg. Under t h e s e  condi t ions ,  although t h e  

blood w i l l  n o t  be normally s a t u r a t e d  wi th  oxygen, t h e  working a b i l i t y  of t h e  

p i l o t  w i l l  b e  kept  completely s a t i s f a c t o r y  f o r  a c e r t a i n  per iod of t i m e .  

A t  a l t i t u d e s  above 15,000 m, wi th  an excess oxygen p r e s s u r e  i n  t h e  

lungs of 25 mm Hg, pronounced oxygen s t a r v a t i o n  unavoidably develops. 
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However, If this p res su re  is increased. pronounced d i s r u p t i o n s  of oircuIa

t i o n  and r e s p i r a t i a n  wi l l  develop. 

In o r d e r  ta avoid these adverse consequences and t o  make r e s p i r a t i o n  

effective under excess pressure ,  i t  i s  necessary t o  develop a! compensatory 

external p r e s s u r e  (counterpressure)  on t h e  su r face  of t h e  body. This  is  

accomplished by ushg a compensating suit which covers t h e  e n t i r e  t runk,  as 

w e U  as +&e lower d upper extremities. 

/162 

The compensating s u i t  p ressur ized  ), 

su5t>, i n  conjunct ion 

pressure  i n  the lungs t o  75 mxn Hg, t o  inc rease  the  t o t a l  p re s su re  i n  the  

the  oxygen mask., makes i t  poss ib l e  t o  raise t h e  excess 

lungs  ( w i i ~cons ide ra t i an  of t h e  pressure  of t h e  surrounding atmosphere) t o  

I ~ O Jma Hg (mode '"JL~O'O)~and tm make i t  poss ib l e  f o r  t h e  p i l o t  t o  s t a y  a t  an 

aIf3tude of 18,000 m f o r  LO1 minutes i n  t h e  event t h a t  h i s  a i r c r a f t  cabin 

depressur izes .  

When b rea th ing  under excess pressure  of more than 75  mm Hg i n  the  mask 

a d  pressur ized  s u i t ,  an i nd iv idua l  d i sp l ays  s t agna t i an  phenomena i n  the  a rea  of 

t he  head and neck, i.e-. h those  areas where t h e r e  fs no compensatory 

pressure.  These phenomena are accompanied by a sharp inc rease  i n  t h e  blood 

pressure  i n  the  veins and a dks t en t ion  of t h e i r  w a l l s .  a sensa t ion  of p a i n  

fn the area of the eyes. ears, back o f  the R e a d  and neck. flow of tears, and 

squin t ing .  

Get t ing r i d  of t h e s e  phenomena and r a i s i n g  t h e  excess p res su re  of oxygen 

i n  the lungs s t i l l  further can only be accomplished by developing extemal 

p res su re  i n  t h e  area of the head and neck, as w e l l  as on t h e  s u r f a c e s  of t h e  

f e e t  and wrists. The e x t e r n a l  p re s su re  i n  t h e  area of t h e  head and neck can 

only be  pneumatic. Such p res su re  m a y  be  developed i f  w e  r e p l a c e  t h e  oxygen 

The external pressure  on the wrists and f e e tmask with a pressur ized  helmet. 

i s  developed by s p e c i a l  compensatory gloves and socks. 

The use of a pressur ized  s u i t  wi th  a pressur ized  helmet,  as w e l l  as compen

s a t o r y  socks and gloves,  makes i t  poss ib l e  t o  inc rease  t h e  excess  oxygen 

pressure  i n  the  lungs a t  h igh  a l t i t u d e s t o  145 mm Hg ("mode 145"). This means 
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t h a t  t h e  p a r t i a l  p ressure  of oxygen i n  t h e  a l v e o l a r  a i r  a t  a l l  a l t i t u d e s  

(up t o  a l t i t u d e s  of almost a complete vacuum) w i l l  b e  equal  t o  t h e  p a r t i a l  

p ressure  of oxygen i n  t h e  a l v e o l a r  a i r  a t  an  a l t i t u d e  of 12,000 m when 

brea th ing  pure oxygen without  excess pressure.  Nevertheless ,  t h e  t i m e  a n  

i n d i v i d u a l  can remain a t  a l t i t u d e s  above 12,000 m when brea th ing  under excess 

pressure  a t  145 mm Hg is l imi ted  t o  10-15 min. This  is explained by t h e  fact  

t h a t  a modern pressur ized  s u i t  s t i l l  i s  not  a b l e  t o  d i s t r i b u t e  t h e  e x t e r n a l  

pressure  uniformly over t h e  sur face  of t h e  body, which would completely 

equal ize  t h e  excess intrapulmonary pressure.  A s  a r e s u l t ,  c i r c u l a t i o n  and 

r e s p i r a t i o n  are d is rupted  t o  some exten t ,  and, consequently,  t h e  per iod of 

t i m e  t h a t  the  i n d i v i d u a l  can s t a y  a t  t h i s  a l t i t u d e  is shortened. 

To provide a f l i g h t  c r e w  with t h e  required condi t ions  f o r  v i t a l  a c t i v i t y  

during f l i g h t s  a t  a l t i t u d e s  above 15,000 m, h igh-a l t i tude  equipment i n  t h e  

form of oxygen-supply systems is  used. 

Usually, t h e  oxygen-supply system (KKO), opera t ing  a t  p r e s s u r e  modes of 

130 and 145 mm Hg, c o n s i s t s  of t h e  following: 

- a h igh-a l t i tude  compensatory pressure  s u i t  (VKK) w i t h  compensatory 

socks 	and gloves ( for  "mode 145"); 

- a n  oxygen mask o r  pressur ized  helmet; 

- onboard oxygen device;  

- parachute oxygen device; 

- r e g u l a t o r  f o r  pressure  r a t i o ;  

- oxygen reducing valve; 

-monitoring devices;  

- system of onboard suppl ies ;  

- oxygen tanks; 

- remote cont ro l .  

The h igh-a l t i tude  compensatory pressure  s u i t  c o n s i s t s  of o v e r a l l s ,  t i g h t 

ening and an t iover load  devices .  The o v e r a l l s  open i n  f r o n t  and f a s t e n  wi th  

"lightning" type f a s t e n e r s .  
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Figure 34. Diagram of compressing 
a c t i o n  of s u i t  with t i g h t e n i n g  
device : 

1- s u i t  cover; 2 - chamber; 3 -
shea th  of chamber; 4 - s t r a p s  of 
t igh ten ing  device; 5 - l a c i n g ;  
6 - ches t .  

the t r o u s e r s  and gloves.  This m a k e s  

i t  e a s i e r  t o  put  on and take  of f  t h e  

s u i t .  The o v e r a l l s  are f i t t e d  w i t h  a 

system of drawstr ings which make i t  

p o s s i b l e  t o  perform i n d i v i d u a l  ad jus t 

ment. 

The t i g h t e n i n g  device  (Figure 34) 

c o n s i s t s  of a chamber, cover and s t r a p s .  

The chamber of t h e  t i g h t e n i n g  device,  

protected by a c l o t h  cover,  forms t h e  

pneumatic system. It  i s  connected t o  

t h e  pressure  r e g u l a t o r  of t h e  s u i t .  

The'chamber i s  loca ted  o u t s i d e  t h e  cov

e r i n g  of t h e  o v e r a l l s  and is  secured i n  
loops formed by s t r a p s .  The ends of 

t h e  s t r a p s  are fas tened  t o  t h e  covering 

of t h e  s u i t .  When t h e r e  i s  no pressure  

i n  t h e  chamber, t h e  s u i t  f i t s  l o o s e l y  

on t h e  body. When t h e  cabin i s  de

compressed, t h e  chamber of  t h e  t i g h t e n i n g  device au tomat ica l ly  f i l l s  wi th  

oxygen and increases  i n  diameter,  t i g h t e n i n g  t h e  s t r a p s ,  which, i n  tu rn ,  

pul l  on t h e  covering of t h e  s u i t ,  c r e a t i n g  pressure  on t h e  s u r f a c e  of t h e  

body. 

The a n t i g r a v i t y  device  is  mounted i n t o  t h e  o v e r a l l s  of t h e  pressur ized  1164 

and forms a whole w i t h  it. 

The e f f e c t i v e n e s s  of t h e  high a l t i t u d e  compensatory p r e s s u r e  s u i t  

l a r g e l y  depends on t h e  care w i t h  which it is f i t t e d .  

The onboard oxygen device  s u p p l i e s  a mixture of gas o r  pure  oxygen t o  t h e  

mask o r  t h e  pressur ized  helmet. The i n t e n s i t y  of t h e  feed is  regula ted  

au tomat ica l ly  depending on t h e  f l i g h t  a l t i t u d e .  I n  t h e  event  of cabin 
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decompression, t h e  device  automati

c a l l y  a c t i v a t e s  the compensatory s u i t  

and develops t h e  necessary excess 

pressure  beneath t h e  mask. 

The parachute  oxygen device,  as I 1 6 5  

w e  have a l r e a d y  s a i d  above, s u p p l i e s  

t h e  p i l o t  w i t h  oxygen and activates 
compensatory pressure  s u i t  i f  the  a i r c r a f t  

is abandoned a t  high a l t i t u d e s .  The 

device may b e  switched on by the  p i l o t  

i n  t h e  event t h e  onboard oxygen device 

f a i l s .  

The oxygen mask i s  of t h e  pres

sur ized  type; i t  i s o l a t e s  t h e  r e s p i r a -
Figure 35. GSh-4MS pressur ized  

tory organs from atmospheric a i r  whenhelmet. 
b rea th ing  oxygen under excess  pressure ,  

suppl ied from t h e  onboard o r  parachute oxygen device  when f l y i n g  a t  a l t i t u d e s  

up t o  18,000 m. 

The pressurized helmet (Figure 35) carries out  a l l  t h e  func t ions  of an  

oxygen mask; i n  addi t ion ,  t h e  pressur ized  helmet develops pneumatic pressure  

i n  the  area of the head and neck, balancing t h e  excess  intrapulmonary pressure.  

When leaving  t h e  a i r c r a f t ,  it p r o t e c t s  t h e  face  and head a g a i n s t  t h e  b l a s t  of 

air  t h a t  s t r i k e s  them. 

The pressurized helmet c o n s i s t s  of a helmet, f a c e  frame w i t h  subframes, 

f a c e  p l a t e ,  l igh tweight  interphone headset  and t i g h t e n i n g  system. The 

pressur ized  helmet must provide good v i s i b i l i t y ,  b e  r e l i a b l e  and convenient 

t o  use,  have low weight and n o t  l i m i t  t h e  movement of t h e  head. 

F l i g h t s  a t  a l t i t u d e s  above 18,000 m are c a r r i e d  o u t  only wi th  t h e  use  

of a pressur ized  helmet. 
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Figure 36. Compensat orY gloves : Figure 37. Compensatory socks. 
1- rubber chamber; 2 - tube t o  
f i l l  rubber chamber; 3 - l e a t h e r  
glove. 

T h e  pressure  r a t i o  r e g u l a t o r  r e g u l a t e s  and maintains  t h e  necessary r a t i o  

of excess pressure  i n  the chambers of t h e  compensatory pressure , su i t  t igh ten ing  
device and i n  t h e  mask o r  pressur ized  helmet. 

Compensatory gloves (Figure 36) are intended t o  c r e a t e  e x t e r n a l  pressure  

on t h e  w r i s t s .  The gloves a r e  made of l e a t h e r  o r  s p e c i a l  c l o t h .  The backs 

have two w a l l s ,  between which a rubber compartment i s  l o c a t e d ,  f i l l e d  with a i r .1167 

A t  h igh a l t i t u d e s  (above 18,000 m), t h e  a i r  i n  t h e  compartment expands and t h e  

gloves t i g h t e n  on t h e  w r i s t s .  

Compensatory socks (Figure 37) develop e x t e r n a l  pressure  i n  t h e  area of 

t h e  f e e t .  The socks are sewn from c o t t o n  c l o t h  and have s p e c i a l  laces t o  f i t  

them t i g h t l y  t o  t h e  foot .  

* * *  
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The preceding is  a t h e o r e t i c a l  d e s c r i p t i o n  of the purposes, devices  and 

opera t ion  of t h e  b a s i c  p a r t s  of  the system which also a p p l i e s  t o  t h e  major i ty  

of e x i s t i n g  KKO(oxygen supply systems).  Therefore ,  i n  t h e  fol lowing,  when de

s c r i b i n g  s p e c i f i c  types  of h i g h - a l t i t u d e  equipment, we  will only g ive  the  

i n d i v i d u a l  f e a t u r e s  of t h e i r  design and operat ion.  

A t  t h e  present  t i m e ,  t h e  KKO-lM and KKO-3 oxygen equipment systems a r e  

p r i m a r i l y  used. There is a l s o  h igh-a l t i tude  equipment t h a t  uses  combined 

systems f o r  compensation. 

F l i g h t s  using h igh-a l t i tude  equipment may be c a r r i e d  o u t  by p i l o t s  who 

a r e  f a m i l i a r  with the apparatus  and r u l e s  f o r  i t s  u t i l i z a t i o n ,  and have learned 

t o  b r e a t h e  under excess pressure .  

The KKO-1M S y s t e m  

The KKO-lM oxygen supply system i s  designed f o r  i n d i v i d u a l  use;  i t  /168 

opera tes  i n  a pressure  mode of 130 mm Hg; i n  t h e  mask and chambers of t h e  

s u i t  t igh ten ing  device,  excess  pressure  develops automatical ly .  The 

excess pressure  i n  the mask may r.each 75 mm Hg. 

The system s u p p l i e s  oxygen t o  t h e  c r e w  members ( i n  a depressurized 

cabin a t  a l t i t u d e s  up t o  12,000 m and i n  a pressur ized  cabin  a t  a l t i t u d e s  

up t o  18,000) a l l  during t h e  f l i g h t :  

- i n  t h e  event of  cab in  decompression a t  a l t i t u d e s  of 12,000-18,000 m, 

f o r  5-10 min.; 

-when leaving  t h e  a i r c r a f t  a t  a l t i t u d e s  up t o  18,000 m; i n  t h i s  

case, oxygen is  suppl ied by t h e  KP-27M parachute  device.  

The KKO-lM system inc ludes  t h e  following: 

- a l t i t u d e  pressur ized  s u i t  BKK-3M; 

- onboard oxygen device  KP-34; 
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- pressure  r a t i o  r e g u l a t o r  RSD-1M; 


- oxygen mask KM-32 (KM-30M) ; 


- parachute  oxygen device  KP-27M; 


- oxygen reducing valve KP-26; 


- oxygen i n d i c a t o r  IK-18;  


-M-2000 manometer; 


- onboard supply system KAB-16; 


- oxygen tanks; 


- remote cont ro l .  

Operation of t h e  KKO-lM system. The KKO-lM system o p e r a t e s  i n  a depres_. 

sur ized  cabin a t  a l t i t u d e s  up t o  12,000 m and i n  a pressur ized  cabin a t  a l t i t u d e s  

of 12,000-18,000 m l i k e  an ord inary  automatic pulmonary device.  The p a r t i a l  

p r e s s u r e  of oxygen i n  t h e  mask is maintained by i n c r e a s i n g  i t s  p e r c e n t i l e  

content  i n  t h e  i n s p i r e d  mixture. A t  an " a l t i t u d e "  i n  t h e  cabin of up t o  

10,000 m y  a mixture of oxygen wi th  a i r  i s  suppl ied,  while  pure oxygen i s  fed 

a t  "a l t i tudes1 '  g r e a t e r  than 10,000 meters. 

I n  t h e  event  of  cabin d e p r e s s u r i z a t i o n  a t  a l t i t u d e s  of 12,000-18,000 m, 

t h e  continuous oxygen supply i s  switched on automatical ly ,  and an  excess 

pressure  beneath t h e  mask is developed i n  t h e  course of 2-3 sec while  t h e  

h igh-a l t i tude  f l y i n g  s u i t  is  a c t i v a t e d .  The l a t t e r  creates a counterpressure 

on t h e  s u r f a c e  of t h e  body which i s  approximately equal  t o  t h e  excess pressure  

i n  t h e  r e s p i r a t o r y  system. I n  t h e  chambers of t h e  t i g h t e n i n g  mechanism, t h e  j 1 6 9  

pressure  (and t h e r e f o r e  t h e  t igh ten ing  of t h e  p i l o t ' s  body) develops 1-2 sec 

earlier than t h e  excess p r e s s u r e  i n  t h e  r e s p i r a t o r y  system. The excess pressure  

i n  t h e  mask ( i n  t h e  r e s p i r a t o r y  system) and i n  t h e  chambers of t h e  t i g h t e n i n g  

device is  regula ted  au tomat ica l ly  a s  a func t ion  of a l t i t u d e .  

A t  a l t i t u d e s  up t o  12,000 m, t h e  KKO-lM system may be used without  a 

pressur ized  s u i t .  

Oxygen device  KP-34 o p e r a t e s  when oxygen is fed t o  i t  at a pressure  of 

30 t o  6 a t m  (or  150 t o  30 a t m ,  if oxygen i s  suppl ied through reducing valve 
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KR-26). When t h e  device  is opera t ing  i n  t h e  continuous-feed mode, oxygen is 

consumed a t  the rate of  14-20 l i t e r s / m i n .  

The r e s i s t a n c e  of the device  t o  i n s p i r a t i o n  under ground condi t ions  w i t h  

t h e  automatic a i r  pump s h u t  of f  and oxygen suppl ied a t  8 a t m  t o  t h e  device  

does n o t  exceed t h e  va lues  given i n  Table 20. 

Pulmonary 
v e n t i l a t i o n  , 
liters/min 

15 

15 

30 


Temperature of 
ambient medium, 

+2O, +50 


-50 

+20 

System E O - 3  

Resis tance t o  
OC i n s p i r a t i o n ,  mn 

water column 
_____ 

50 

65 


90 


The KRO-3 oxygen equipment system (Figure 38)  is designed f o r  i n d i v i d u a l  

use; i t  opera tes  i n  a p r e s s u r e  mode of 145 mm Hg. This  mode i s  made p o s s i b l e  
by a pressur ized  helmet and improved compensation of excess p r e s s u r e  

in the lungs with t h e  a i d  of improved h igh-a l t i tude  compensating s u i t s .  

The system provides oxygen t o  t h e  c r e w  members: 

- i n  a depressurized cabin a t  a l t i t u d e s  up t o  12,000 m and i n  a pres

s u r i z e d  	cabin a t  a l t i t u d e s  above 18,000 m, dur ing t h e  e n t i r e  d u r a t i o n  of  t h e  

f l i g h t ;  
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Figure 38. Block diagram of KKO-3 oxygen 
equipment: 

21 - oxygen tank (150 kgf/cm ) ;2 - IK-18 
oxygen i n d i c a t o r ;  3 - type KR-26A reducing 
valve;  4 - emergency valve;  5 - main auto
mat ic  pulmonary device; 6 - a u x i l i a r y  
pulmonary device;  7 - e j e c t o r ;  8 - main 
automatic a i r  in t ake ;  9 - reducing va lve  
of t h e  device;  10 - mechanism f o r  c u t t i n g  
i n  a d d i t i o n a l  pulmonary automatic  device;  
11 - a u x i l i a r y  automatic  a i r  in t ake ;  1 2  -
continuous feed  s e c t i o n ;  13 - time-delay 
r e l ay ;  1 4  - blocking valve;  15  - manual 
p re s su re  r egu la to r ;  16 - aneroid s a f e t y  
valve; 1 7  - vacuum valve ;  18  - valve box;
1 9  - M-2000 manometer; 20 - GSh-4MS (KM-32) 
pressur ized  helmet; 2 1  - compensating ex
haus t  valve;  22 - h igh-a l t i t ude  compensat
ing  s u i t  (VKK-4, VKK-4P, VKK-6M); 23 -

excess pressure  r e g u l a t o r ;  24 - pressure
r a t i o  r egu la to r ;  25 - emergency hose cut
o f f ;  26 - common communication hookup; 
27 - KP-27M oxygen device;  28 - KP-34 
oxygen device.  

- onboard-supply system KAB-16; 

- oxygen tanks.  

- i n  the event of cab in  

decompression a t  a l t i t u d e s  above 

12,000 m, f o r  5-10 min; 

-when leaving  t h e  air

c r a f t  a t  a l t i t u d e s  above 

18,000 m; i n  t h i s  case ,  t h e  

oxygen supply comes from the  

KP-27M parachute  device.  

The KKO-3 system inc ludes  

t h e  fol lowing : 

- high a l t i t u d e  f l y i n g  

s u i t  	VKK-6M (VKK-4, vKK-4P) ; 

- oxygen device KP-34; 

- pressur ized  helmet 

(GSh-4MS (oxygen mask KM-32) ; 
- parachute oxygen device  

KP-27M; 
- pressure  r a t i o  r e g u l a t o r  

RSD-3M; 
- compensating socks and 

gloves ; 
- remote cont ro l ;  
- oxygen reducing va lve  1 1 7 1  

KR-26; 
- oxygen i n d i c a t o r  IK-18; 
-manometer M-2000; 

The h igh -a l t i t ude  compensating s u i t  VKK-6M (Figure 39) c o n s i s t s  of 

o v e r a l l s  w i t h  t i gh ten ing  l a c e s  and a n t i g r a v i t y  devices .  
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The c u t  of  t h e  s u i t  is 

designed f o r  a "seated" posi

t i o n ,  which al lows t h e  

necessary  mob i l i t y  and com

f o r t  of  t h e  p i l o t ' s  p o s i t i o n  

i n  t h e  e j e c t i o n  seat. 

I n  a p res su r i zed  cabin  

a t  a l t i t u d e s  above 12,000 m 

o r  i n  a depressur ized  cabin 

a t  a l t i t u d e s  up t o  12,000 m, 

t h e  s u i t  does n o t  opera te .  

f172 

It i s  switched on au tomat ica l ly  

a t  a l t i t u d e s  above 12,000 m 

i f  t h e  cabin  i s  depressurized 

and oxygen begins  t o  flow 

i n t o  t h e  t i gh ten ing  device 

chamber. 

F igure  39. vKK-6M h igh -a l t i t ude  compensatory The oxygen p res su re  i n  
p re s su re  s u i t .  t h e  chambers i s  regula ted  

au tomat ica l ly  by t h e  RSD-3M r egu la to r ;  as the  p re s su re  i n  t h e  cabin decreases ,  

t h e  p re s su re  i n  the pressur ized  helmet and t h e  chambers inc reases ,  s o  t h a t  the  

t i g h t n e s s  of t h e  s u i t  on t h e  body becomes g r e a t e r .  Xowever, t h e  r e s u l t a n t  

p re s su re  on the  p i l o t ' s  body ( t o t a l  of atmospheric and mechanical compensating 

p res su res  a t  each a l t i t u d e )  remains cons tan t  r e g a r d l e s s  of a l t i t u d e ,  and i s  

equal  t o  t h e  pressure  a t  an  a l t i t u d e  of 12,000 m. 

During f l i g h t ,  t h e  chambers of t h e  t i g h t e n i n g  device  are  f i l l e d  from 

the onboard oxygen system, wh i l e  during descent  by  parachute ,  they are 

suppl ied by t h e  parachute  oxygen system. 

The a n t i g r a v i t y  system (PPU) c o n s i s t s  of one abdominal and two l e g  

rubber  chambers. They are a l l  connected toge ther .  The chambers are enclosed 
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i n  capron j a c k e t s .  The l e g  chambers are mounted i n  t h e  t i g h t e n i n g  device of 

t h e  s u i t  i n  t h e  p o r t i o n  from t h e  w a i s t  t o  t h e  t r o u s e r  c u f f s ,  while  t h e  ab

dominal chamber is at tached t o  but tons  i n s i d e  t h e  o v e r a l l s  i n  t h e  area of t h e  

abdominal wal l .  

The pressure  i n  t h e  chambers of t h e  a n t i g r a v i t y  device  i s  produced wi th  

t h e  a i d  of an automatic device (AD-6E) and regulated depending on t h e  va lue  

of t h e  overload, changing wi th in  l i m i t s  from 1.75 t o  10. The automatic device 

i s  switched on when t h e  overload reaches a c e r t a i n  va lue ,  and opera tes  in

dependently of the t igh ten ing  device.  

The abdominal compensator is  a rubber chamber loca ted  i n  a capron 

j a c k e t .  The a i r  i n  i t  expands under low pressure  and c r e a t e s  a mechanical 

pressure  i n  t h e  a r e a  of t h e  stomach. 

HighyAltitude Equi-pment with a 

Combined C-omRe-nsation S y s t e m  

Equipment w i t h  a combined compensation system (Figure 40)  makes i t  

poss ib le  f o r  t h e  p i l o t  t o  r e t a i n  normal working a b i l i t y  when he i s  i n  a 

depressurized cabin during f l i g h t  a t  a high a l t i t u d e  f o r  1-112 t o  2 hours.  

The equipment includes:  /173 

- high-a l t i tude  compensatory p r e s s u r e  s u i t  with combined compensation 

system; 

- pressur ized  helmet ; 

- compensating gloves and socks;  

- oxygen device;  

- parachute  oxygen device.  

The h igh-a l t i tude  s u i t  with combined compensation system d i f f e r s  from 

those  descr ibed above i n , t h a t  t h e  balancing counterpressure on t h e  t runk is  

crea ted  by a s p e c i a l  respiratory-compensating chamber, while  on t h e  e x t r e m i t i e s  

i t  is produced by t h e  chambers of t h e  t i g h t e n i n g  mechanism. The r e s p i r a t o r y 
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Figure 40. Schematic diagram of combined 
compensating s u i t :  

1 - s u i t  material; 2 - breathing
compensating chamber; 3 - t i g h t e n i n g  
device; 4 - hose t o  feed oxygen t o  
chamber of t igh ten ing  device; 5 - hose 
t o  feed oxygen t o  breathing-compensating. - -

chamber and pressur ized  helmet; 6 - oxygen 
device; 7 - hose t o  feed oxygen from tank. 

compensating chamber resembles 


a ba th ing  s u i t ,  which f i t s  


c l o s e l y  t o  t h e  trunk. This  


means t h a t  a more uniform 


counterpressure i s  developed. / 1 7 4  


The necessary pressure  i n  i t  is  


c r e a t e d  au tomat ica l ly  with t h e  


a i d  of an  oxygen device,  de


pending on t h e  f l i g h t  a l t i t u d e .  


The oxygen device i n  t h i s  

system i s  a pulmonary-automatic 

opera t ing  type.  However , i t  

does n o t  have devices  f o r  drawing 

i n  atmospheric a i r ,  so t h a t  pure 

oxygen i s  suppl ied  t o  t h e  r e s p i r 

a t o r y  system a t  a l l  a l t i t u d e s .  

During f l i g h t  a t  a l t i t u d e s  

up t o  12,500 m i n  a pressur ized  

o r  depressurized cabin,  t h e  pressur ized  helmet and respiratory-compensating 

chamber maintain an excess pressure  i n  the  neighborhood of 100 mm w a t e r  column. 

I n  t h e  event of chamber decompression a t  a l t i t u d e s  above 12,500 m, t h e  

pressur ized  helmet and breathing-compensating chamber maintain an absolu te  

pressure  of about 145 mm Hg ("145 mode"). A t  12,500 m y  t h e  chambers of t h e  

t igh ten ing  device a l s o  begin to f i l l  wi th  oxygen. The d e s i r e d  pressure  i s  

maintained i n  them by t h e  pressure  r a t i o  r e g u l a t o r .  

The oxygen system and oxygen tank f o r  t h e  parachute  device  are loca ted  

i n  a s p e c i a l  pack worn by t h e  p i l o t .  
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Flying S u i t s  

A f l y i n g  s u i t  is a pressur ized  s u i t  designed as i n d i v i d u a l  h igh-a l t i tude  

equipment f o r  a p i l o t .  It produces favorable  physiological-hygienic condi t ions  

(pressure,  temperature, humidity and gas mixture composition) f o r  t h e  v i t a l  

a c t i v i t y  of t h e  p i l o t  i n  h igh-a l t i tude  f l i g h t s .  Therefore,  t h e  s u i t  has  con

s i d e r a b l e  advantages over t h e  oxygen-supply systems discussed above. This 

makes i t  poss ib le  t o  c a r r y  o u t  long f l i g h t s  a t  p r a c t i c a l l y  any a l t i t u d e  wi th  

t h e  a i r c r a f t  cabin depressurized,  provides r e l i a b l e  p r o t e c t i o n  a g a i n s t  t h e  

inf luence  of low barometr ic  pressure ,  as w e l l  as high and low temperature. 

Pressure  changes may e a s i l y  b e  withstood i n  t h e  f l y i n g  s u i t ;  t h i s  s o f t e n s  t h e  

impact of t h e  a i r  b l a s t  which s t r i k e s  t h e  p i l o t  upon e j e c t i o n  and promotes 

f l o t a t i o n  i n  t h e  event of landing on w a t e r .  

The h igh-a l t i tude  f l y i n g  s u i t  c o n s i s t s  of t h e  following: 

- pressur ized  o v e r a l l s ;  

- pressure  r e g u l a t o r ;  

- s a f e t y  valve; 

- helmet ; 

- p r o t e c t i v e  o u t e r  c lo th ing;  

- heat-protect ion s u i t ;  

- v e n t i l a t i n g  s u i t ;  

- emergency and rescue equipment. 

The pressur ized  o v e r a l l s  wi th  pressur ized  covering are made of s t r o n g  

c l o t h  which is impermeable t o  gas,  whi le  t h e  removable gloves and boots  a r e  

made of s p e c i a l  material. The p i l o t  dons t h e  s u i t  on t h e  ground. 

To provide t h e  p i l o t  w i t h  s u f f i c i e n t  mobi l i ty  i n  t h e  area of t h e  j o i n t s ,  

the  s u i t  has  s p e c i a l  a r t i c u l a t i o n s .  
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The helmet is connected t o  t h e  o v e r a l l s  i n  a n  a i r t i g h t  fashion.  The 

helmet may b e  removable o r  nonremovable, tu rn ing  toge ther  w i t h  t h e  head, o r  

f ixed  b u t  providing t h e  p o s s i b i l i t y  of f r e e l y  moving t h e  head i n s i d e  it. The 

helmet has a t i l t i n g  f a c e  p l a t e ,  a l i g h t  f i l t e r ,  and a p r e s s u r e  drop valve. 

The f a c e  p l a t e  must provide t h e  p i l o t  w i t h  a good view. 

Necessary l i v i n g  condi t ions  i n  t h e  s u i t  are maintained wi th  the  a i d  of 

t h e  u n i t s  t h a t  make up t h e  system. 

During f l i g h t  i n  a pressur ized  cabin,  t h e  s u i t  i s  i n  a n  inopera t ive  

condi t ion and i s  continuously v e n t i l a t e d  wi th  a i r  which comes from t h e  cabin 

v e n t i l a t i o n  system. A t  t h e  a i r f i e l d ,  t h e  s u i t  i s  v e n t i l a t e d  wi th  t h e  a i d  of 

a ground a i r -condi t ioner  o r  a s p e c i a l  p o r t a b l e  v e n t i l a t o r .  

When i t  is  necessary t o  maintain t h e  p a r t i a l  p r e s s u r e  of oxygen i n  t h e  

s u i t  a t  t h e  l e v e l  necessary f o r  brea th ing ,  excess pressure  i s  developed 

relative t o  t h e  pressure  i n  t h e  surrounding atmosphere. 

A t  a l l  a l t i t u d e s ,  t h e  a b s o l u t e  pressure  (atmospheric p lus  excess) is 

maintained i n  t h e  s u i t  between 170 t o  198 mm Hg, corresponding t o  an  a l t i t u d e  

of 10,000-11,000 m. 

To prevent t h e  development of decompression problems i n  t h e  s u i t s ,  t h e  

p o s s i b i l i t y  must b e  provided f o r  increas ing  the  a b s o l u t e  pressure  t o  267-308 

mm Hg. 

Depending on t h e  manner i n  which t h e  oxygen i s  provided, s u i t s  may be 

provideli wi.th o r  without masks. I n  t h e  mask-type s u i t s ,  oxygen f o r  breathing 

i s  suppl ied t o  t h e  oxygen mask, whi le  i n  t h e  maskless type they are supplied I 1 7 6  

t o  t h e  c a v i t y  of t h e  pressur ized  helmet. 

According t o  t h e  method of opera t ion ,  s u i t s  are categorized i n t o  

v e n t i l a t e d  and regenerat ion types.  
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a i r -condi t ion  i n  g 
system 

3 b 
Figure 41. Schematic diagram of 

supply t o  vent i la ted- type  f l y i n g  
s u i t :  

1 - r e g u l a t i n g  va lve  f o r  a i r  
supply; 2 - h e a t  exchanger: 3
oxygen tank; 4 - reducing va lve ;  
5 - oxygen device; 6 - pressure  
regula tor ;  7 - instrument valve.  

Figure 42. Schematic diagram of 
supply system f o r  regeneration-
type f l y i n g  s u i t :  

1 - C 0 2  absorber;  2 - moisture 

absorber;  3 - f i l t e r ;  4 - h e a t  
exchanger; 5 - pump; 6 - pressure  
r e g u l a t o r ;  7 - oxygen feed regu
l a t o r ;  8 - oxygen tank. 

During f l i g h t  t h e  vent i la t ion- type  s u i t  (Figure 41) i s  connected by a 

s p e c i a l  hose t o  t h e  p r e s s u r i z a t i o n  system f o r  t h e  pressur ized  cabin.  The a i r  

f o r  v e n t i l a t i n g  t h e  s u i t  and maintaining t h e  excess pressure  i n  i t  comes from 

t h e  air-condi t ioning system, while  t h e  oxygen f o r  brea th ing  comes from tanks 

on board. The a i r  which e n t e r s  f o r  v e n t i l a t i o n  i s  vented cont inuously t o  t h e  

o u t s i d e  through a pressure  r e g u l a t o r .  

I n  t h e  event  t h a t  t h e  cabin  p r e s s u r i z a t i o n  i s  d is rupted  above 11,000 t o  1177 

12,000 m, a p p r o p r i a t e  excess  p r e s s u r e  develops au tomat ica l ly  i n  t h e  s u i t  i n  

t h e  course of  2-3 sec. 
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The oxygen f o r  t h e  p i l o t  comes from a s p e c i a l  oxygen device  wi th  

pulmonary-automatic operat ion.  A device  of t h i s  kind i s  included i n  t h e  

system of the  s u i t .  

The regeneration-type s u i t  (Figure 42)  o p e r a t e s  w i t h  a closed v e n t i l a t i o n  

c y c l e  and a constant  a i r  volume. From t h e  s u i t ,  t h e  a i r  passes  i n t o  t h e  

regenera t ion  device.  Here carbon d ioxide  i s  absorbed as w e l l  as moisture;  

t h e  a i r  is enriched with oxygen and again e n t e r s  t h e  s u i t .  The excess a i r  

which i s  formed as a r e s u l t  of t h e  continuous supply of  oxygen is  discharged 

i n t o  t h e  atmosphere through t h e  pressure  r e g u l a t o r .  

To absorb carbon d ioxide ,  soda l i m e  o r  l i t h i u m  hydroxide are u s u a l l y  /178 
used, while  s i l i c a  g e l  ( a  s p e c i a l l y  processed form of sodium s i l i c a t e )  i s  

used t o  absorb moisture. 

Various odors are removed by an  absorber using a c t i v a t e d  charcoal.  

During normal f l i g h t  i n  a pressur ized  cabin,  t h e  v e n t i l a t i o n  of t h e  

space beneath t h e  s u i t  and t h e  supply of oxygen t o  t h e  p i l o t  are accomplished 

i n  t h e  same fash ion  as i n  t h e  v e n t i l a t e d  type of  s u i t .  I n  t h e  event t h a t  t h e  

cabin  p r e s s u r i z a t i o n  breaks down, t h e  regenera t ion  type s u i t  automatical ly  

switches t o  a closed v e n t i l a t i o n  mode. 

The consumption of oxygen i n  regenerat ion type s u i t s  i s  comparatively 

l o w  and i s  about 0.5-1 l i t e r s l m i n .  

* * * 

To provide p r o t e c t i o n  aga ins t  f i r e ,  c e r t a i n  s u i t s  are suppl ied wi th  

oxygen only i n  t h e  space formed by t h e  pressur ized  helmet,  whi le  t h e  space 

beneath t h e  s u i t  i s  v e n t i l a t e d  wi th  a i r  o r  n i t rogen .  
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When leaving  t h e  a i r c r a f t ,  a l l  types of s u i t s  a r e  automatical ly  d is 

connected from t h e  connecting hose and connected t o  t h e  parachute oxygen 

device,  which provides t h e  p i l o t  with oxygen u n t i l  he  reaches a s a f e  a l t i t u d e  

and maintains t h e  necessary pressure  i n  t h e  s u i t .  

A l l  s u i t s  are provided wi th  emergency-rescue equipment. These items are 

loca ted  d i r e c t l y  on t h e  s u i t .  They inc lude  t h e  following: an  i n f l a t a b l e  

c o l l a r ,  r a d i o  t r a n s m i t t e r ,  s i g n a l l i n g  equipment, food supply,  etc. The in

f l a t a b l e  c o l l a r  (capac i ty  of 30-40 l i t e r s )  f i l l s  w i t h  carbon dioxide from a 

s p e c i a l  tank when landing on w a t e r .  

Despite i t s  d e f i n i t e  advantages, t h e  h igh-a l t i tude  s u i t  s t i l l  has n o t  

found p r a c t i c a l  a p p l i c a t i o n  i n  a v i a t i o n .  The p r i n c i p a l  reasons f o r  t h i s  a r e  

the  following: 

- t h e  need f o r  constant  v e n t i l a t i o n  of the  space beneath t h e  s u i t  a l l  

dur ing t h e  t i m e  t h e  p i l o t  i s  i n  the  s u i t ;  

- inconvenience of p u t t i n g  i t  on; 

- considerable  d i f f i c u l t y  of movement f o r  t h e  p i l o t  during f l i g h t ;  

- t h e  l a r g e  s i z e  of t h e  s u i t .  

Oxygen and Its P r o p e r t i e s  

Oxygen is  a t r a n s p a r e n t  c o l o r l e s s  gas,  which has  n e i t h e r  s m e l l  nor taste; 1179 

i t  e x h i b i t s  considerable  chemical a c t i v i t y .  

Oxygen i s  heavier  t h a n  a i r  ( a t  a temperature of 0 O C  and a pressure  of 

760 mm Hg, 1 m 3 of gaseous oxygen weighs 1.428 kg, while  1 m3 of a i r  weighs 

1.293 kg). Oxygen is  a l s o  found i n  t h e  l i q u i d  and s o l i d  states as w e l l  as i n  

t h e  form of a gas. A t  o rd inary  room temperature,  oxygen cannot be l i q u i f i e d ,  

regard less  of pressure.  

It changes t o  t h e  l i q u i d  s t a t e  a t  a temperature of -118.8"C and a 

pressure  of 51.35 a t m .  This  temperature and p r e s s u r e  a r e  termed c r i t i c a l .  
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A t  normal atmospheric pressure  (760 mm Hg) t h i s  t r a n s i t i o n  is  p o s s i b l e  a t  a 

temperature of -182.95 "C.  Liquid oxygen is a mobile t r a n s p a r e n t  m a s s  which i s  

b l u e  i n  co lor .  The s p e c i f i c  g r a v i t y  of l i q u i d  oxygen i s  1.118 g/cm3 , and 1 

l i t e r  weights 1.146 kg. 

When cooled t o  -218.4 O C  a t  a pressure  of 2 mm H g ,  l i q u i d  oxygen changes 

t o  t h e  s o l i d  state. S o l i d  oxygen has t h e  appearance of a f r i a b l e  snow-like 

m a s s .  During t h e  change from t h e  l i q u i d  s ta te  t o  t h e  gaseous s ta te  a t  zero 

temperature and normal atmospheric pressure ,  one l i t e r  of l i q u i d  oxygen w i l l  

form 800 l i ters  of gas. 

Oxygen i s  t h e  most widespread element on our p l a n e t .  It makes up almost 

50% of a l l  t h e  m a t e r i a l  on Earth.  Its content  i n  t h e  a i r  i s  about 21%. I n  t h e  

f r e e  s ta te ,  i t  i s  found only i n  t h e  atmosphere. Oxygen is  widely used i n  

indus t ry ,  a v i a t i o n ,  and s o  on. Indus t ry  produces t e c h n i c a l  and medical grades 

of  oxygen. 

Medical oxygen ( A l l  Union S ta t e  Standard 5583-58) i s  used i n  a v i a t i o n ;  i t  
3contains  a t  least  98.5% oxygen and a maximum of 0.07 g/m of moisture.  It may 

n o t  conta in  any carbon monoxide, ozone, carbon d ioxide ,  gaseous ac ids  o r  bases.  

Medical oxygen may n o t  have any odor. 

A s  w e  know, t h e  process  of combustion takes  p lace  very i n t e n s i v e l y  i n  

pure oxygen. 

I n  t h i s  connection, i t  is  o f t e n  s t a t e d  t h a t  brea th ing  pure oxygen 

promotes more i n t e n s i v e  oxida t ion  processes  i n  t h e  cel ls  and t i s s u e s  of an  

organism, and t h i s  means t h a t  they w i l l  "burn out" prematurely,  and t h a t  t h e  

brea th ing  of pure oxygen causes harm t o  t h e  organism i n  general .  /180 

However, s t u d i e s  which have been conducted i n  connection with t h i s  

problem over t h e  l as t  few decades i n  the  USSR and abroad i n d i c a t e  t h a t ,  when 

pure oxygen i s  breathed under pressure  i n  excess of atmospheric pressure ,  t h e r e  
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i s  no i n t e n s i f i c a t i o n ,  b u t  r a t h e r  a marked i n h i b i t i o n  of ox ida t ion  processes 

i n  t h e  cel ls  and t i s s u e s .  

An  i n d i v i d u a l  can b e  i n t o x i c a t e d  only i n  t h e  event t h a t  he brea thes  

pure oxygen a t  a pressure  of more than 2 a t m  f o r  s e v e r a l  hours. Thus, f o r  

example, s i g n s  of i n t o x i c a t i o n  i n  t h e  form of spasms may occur on t h e  

average a f t e r  3 hours of  s t a y i n g  i n  a chamber f i l l e d  w i t h  pure oxygen a t  a 

pressure  of 3 atm. When brea th ing  pure oxygen under pressure  of 4 atm, in

t o x i c a t i o n  occurs  i n  40-45 min. 

Hence, t h e  higher t h e  oxygen pressure ,  t h e  f a s t e r  and more severe  t h e  

s i g n s  of i n t o x i c a t i o n .  

However, when brea th ing  pure oxygen f o r  s e v e r a l  hours under pressure  

equal  t o  normal atmospheric, no negat ive s i g n s  i n  t h e  condi t ion of t h e  

organism a r e  observed. 

W e  know t h a t  t h e  f l i g h t  c r e w  must no t  b r e a t h e  oxygen under pressure  

g r e a t e r  than 1 atmosphere, s o  t h e r e  i s  no b a s i s  f o r  being a f r a i d  t h a t  i t  w i l l  

have a t o x i c  e f f e c t .  This i s  supported by numerous experiments i n  baro

chambers and t h e  ex tens ive  experience of f l i g h t s  using oxygen r e s p i r a t i o n  

apparatus .  

To supply oxygen f o r  f l i g h t s ,  medical oxygen i s  c a r r i e d  as a r u l e  i n  

4 0 - l i t e r  tanks a t  a pressure  of 150 atmospheres. The tanks,  w i t h  a capac i ty  

from 4 t o  12 l i ters ,  are mounted aboard t h e  a i r c r a f t ,  u s u a l l y  with a working 

pressure  of 150 atm. 

The amount of oxygen i n  t h e  tank is measured i n  l i ters  a t  a pressure  of  

760 mm Hg and a temperature of +15 O C .  I n  order  t o  determine t h i s  amount, i t  

is  necessary t o  mul t ip ly  t h e  capac i ty  of t h e  tank by t h e  pressure  of t h e  

oxygen i n  i t .  For example, i n  a n  8-liter tank wi th  a pressure  of 150 atmospheres 

a t  +15 O C ,  t h e r e  w i l l  b e  8 X 150 = 1200 l i ters of oxygen. 
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We know t h a t ,  as t h e  temperature of t h e  a i r  drops by l 0 C ,  t h e  oxygen /181 
pressure  i n  t h e  tank decreases  by 1/273. Accordingly, t h e r e  i s  a decrease i n  

t h e  amount of oxygen i n  it. L e t  us assume t h a t  a t  a c e r t a i n  f l i g h t  a l t i t u d e  

t h e  temperature i s  - 5 O O C .  This means t h a t  i n  t h i s  case t h e  temperature w i l l  

drop by 65OC relative t o  +15"C. Consequently, t h e  pressure  i n  our 8-liter 

tank w i l l  decrease by 65/273 from t h e  i n i t i a l  v a l u e ,  i .e . ,  i t  w i l l  be  equal  

t o  approximately 114.3 a t m :  

150 -~150.65 
2 114.3 atm . 

273 

The supply of oxygen decreases t o  8 x 114.3 % 914 l i ters.  

Due t o  t h e  high chemical a c t i v i t y  of compressed gaseous oxygen when i t  

comes i n  contac t  wi th  o i l  o r  grease,  t h e r e  i s  spontaneous combustion of t h e  

mixture which i s  formed, which o f t e n  has  t h e  n a t u r e  of an  explosion. There

f o r e ,  i n  order  t o  maintain s a f e t y  i n  p laces  where oxygen is  s t o r e d  and where 

equipment i s  used i n  which i t  i s  found under high pressure ,  i t  i s  necessary 

t o  exclude t h e  p o s s i b i l i t y  of i t s  coming i n  contac t  w i t h  o i l  and r e a d i l y  in

flammable materials. 

Liquid oxygen i s  s t o r e d  i n  s p e c i a l  g a s i f i e r s ;  each g a s i f i e r  c o n s i s t s  

of a vessel f o r  t h e  oxygen, an evaporator ,  and connectors.  

It i s  a l s o  necessary t o  c a r r y  o u t  s a f e t y  measures when working wi th  

l i q u i d  oxygen. Liquid oxygen may cause deep burns when i t  touches t h e  sk in .  

I f  co t ton  m a t e r i a l  is soaked i n  it, a powerful explosion w i l l  t ake  p l a c e  i f  

t h i s  m a t e r i a l  i g n i t e s .  

When working w i t h  l i q u i d  (gaseous) oxygen, one must t a k e  care so  t h a t  

i t  does not  s a t u r a t e  t h e  c lo th ing  and h a i r  a s  i t  evaporates ,  otherwise i t  may 

e a s i l y  ca tch  f i r e  i n  t h e  presence of an open flame and cause severe  burns.  
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CHAPTER VI1 


ACCELERATION IN FLIGHT AND ITS EFFECT 
ON THE HUMAN ORGANISM 

During long evolut ionary development, man has  become accustomed t o  

c e r t a i n  condi t ions  of ex is tence ,  including a c e r t a i n  ra te  of movement. 

Even 60-70 years  ago, t h e  maximum speed a t  which a human being could 

t r a v e l  d id  not  exceed 45-50 k/hr .  A s  science and technology developed, t h e  

rate of movement increased;  t h i s  became e s p e c i a l l y  not iceable  with t h e  

appearance of i n t e r n a l  combustion engines,  a s  w e l l  as j e t  engines.  At t h e  

present  t i m e ,  i t  has  a l ready  exceeded t h e  speed of sound s e v e r a l  fo ld .  Rocket 

motors have made i t  poss ib le  t o  reach t h e  f i r s t  (7 .8  km/sec) and second 

(11.2 km/sec) cosmic v e l o c i t i e s .  This  has  made i t  p o s s i b l e  t o  make f l i g h t s  

i n t o  space. 

W e  know t h a t  any movement of man i n  space unavoidably i s  accompanied by 

t h e  a c t i o n  on him of var ious  a c c e l e r a t i o n s ,  both i n  t e r m s  of magnitude and 

d i r e c t i o n .  A t  modern speeds,  t h e  problem of s tudying t h e  r e s i s t a n c e  of man t o  

a c c e l e r a t i o n  has become very  t imely both i n  the  t e c h n i c a l  and medical spheres .  

This i s  p a r t i c u l a r l y  important a s  a problem f o r  a v i a t i o n  and cosmonautics. 

I n  t h i s  connection, a v i a t i o n  medicine was faced wi th  a problem of s tudying 

t h e  inf luence  of a c c e l e r a t i o n  on t h e  organism i n  depth and from a l l  aspec ts ;  

i t  became necessary t o  develop methods of e l imina t ing  o r  a t t e n u a t i n g  i t s  

e f f e c t s .  
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I n  h igh-a l t i tude  f l i g h t ,  t h e  opera t ing  condi t ions  of t h e  p i l o t , o f  c o u r s e , / l 8 3  

are much more complex and d i f f i c u l t  than i n  low-speed f l i g h t .  However, speed 

i t se l f  does not  have any harmful e f f e c t  on t h e  human organism. I n  a closed 

cabin which provides s u f f i c i e n t  p r o t e c t i o n  a g a i n s t  t h e  inf luence  of t h e  in

c i d e n t  flow of air, a human be ing  can withstand any speed i f  t h e  d i r e c t i o n  of 

motion of t h e  a i r c r a f t  and t h e  speed i t s e l f  remain cons tan t .  

General Concepts Regardi.ng- A c c e l e r a t k n  

Veloci ty  i s  an expression of t h e  r e l a t i o n s h i p  of d i s t a n c e  t o  t h e  t i m e  

during which a body covers t h i s  d i s tance .  I f  a moving body covers a n  equal  

d i s t a n c e  i n  equal  t i m e  segments, i .e.,  i f  t h e  v e l o c i t y  remains cons tan t  wi th  

t i m e ,  movement of t h i s  kind can b e  c a l l e d  uniform. However, i f  t h e  body 

covers a d i f f e r e n t  d i s t a n c e  a t  d i f f e r e n t  t i m e  segments, i t s  movement is  c a l l e d  

nonuniform. 

I n  d a i l y  l i f e ,  nonuniform movement i s  t h e  type most o f t e n  encountered, 

i n  which speed changes both  i n  magnitude and d i r e c t i o n ,  o r  s imultaneously i n  

magnitude and d i r e c t i o n .  I n  mechanics, any change i n  v e l o c i t y  i n  terms of 

magnitude o r  d i r e c t i o n  i n  a u n i t  t i m e  i s  c a l l e d  a c c e l e r a t i o n .  

According t o  t h e  f i r s t  l a w  of mechanics, any body i s  a t  a s ta te  of rest 

o r  uniform movement i n  a s t r a i g h t  l i n e  u n t i l  some e x t e r n a l  f o r c e  al ters t h i s  

s ta te .  Consequently, a change i n  v e l o c i t y  i n  t e r m s  of magnitude o r  d i r e c t i o n ,  

i . e . ,  a c c e l e r a t i o n ,  develops under t h e  inf luence  of e x t e r n a l  forces .  

W e  know from t h e  second l a w  of mechanics t h a t  a c c e l e r a t i o n  i s  d i r e c t l y  

propor t iona l  t o  t h e  unbalanced f o r c e  a c t i n g  on the  body and i n v e r s e l y  pro

p o r t i o n a l  t o  i t s  m a s s :  

where F i s  t h e  f o r c e  a c t i n g  on t h e  body, and m i s  t h e  mass of t h e  body. 
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Hence, i f  w e  know the  mass of t h e  body and t h e  a c c e l e r a t i o n ,  w e  could 

g e t  some idea  of t h e  f o r c e  a c t i n g  on t h e  body and causing t h e  a c c e l e r a t i o n .  
2Accelerat ion is u s u a l l y  expressed i n  meters per  second squared (m/sec ) .  I n  

a v i a t i o n ,  a u n i t  of a c c e l e r a t i o n  i s  widely employed which i s  equal t o  t h e  
2normal a c c e l e r a t i o n  of  t h e  f o r c e  of g r a v i t y ,  9.81 m / s e c  . This va lue  i s  /184 

2represented by t h e  l e t te r  g. For example, a c c e l e r a t i o n  equal  t o  50 m/sec may 

b e  represented by 5 g, i . e . ,  50:9.81 approximately equals 5 g. This provides 

a b a s i s  f o r  expressing t h e  a c c e l e r a t i o n  which develops i n  any form of movement 

i n  u n i t s  of a c c e l e r a t i o n  due t o  t h e  f o r c e  of grav i ty .  From a c c e l e r a t i o n  of 
Lfree f a l l  i t  follows t h a t  t h e  a c c e l e r a t i o n  equal  t o  9 .81  m/sec caused by t h e  

f o r c e  of  g r a v i t y  i s  equal  t o  the  weight of a body. Thus, i f  t h e  a c c e l e r a t i o n  

i s  equal t o  5 g, t h e  f o r c e  t h a t  i s  produced i s  5 t i m e s  g r e a t e r  than t h e  weight 

of t h e  body. 

It follows from t h i s  t h a t ,  when t h e  speed o r  d i r e c t i o n  of movement i s  

changing, i t  is  not  a c c e l e r a t i o n  alone t h a t  a c t s  on t h e  body, but  t h e  e x t e r n a l  

forces  causing i t .  These f o r c e s  a r e  c a l l e d  i n e r t i a l ,  i .e . ,  they confer i n e r t i a  

t o  t h e  a c c e l e r a t e d  body. I n  terms of magnitude, t h e  f o r c e s  of i n e r t i a  a r e  

equal  t o  t h e  f o r c e s  causing a c c e l e r a t i o n  but  d i r e c t e d  i n  t h e  oppos i te  d i r e c t i o n .  

Persons f requent ly  encounter i n e r t i a l  forces  i n  t r a i n s  and i n  d i f f e r e n t  forms 

of t r a n s p o r t .  A t  t h e  beginning of movement, t h e  a c c e l e r a t i o n  and t h e  f o r c e  

causing i t  a r e  d i r e c t e d  forward ( i n  t h e  d i r e c t i o n  of movement) while t h e  

passengers f e e l  t h e  e f f e c t  of the  i n e r t i a l  f o r c e  pushing them backward. I n  

t h e  event of sudden braking and s topping,  t h e  oppos i te  happens: t h e  accelera

t i o n  and t h e  f o r c e  causing i t  a r e  d i r e c t e d  backward and i n e r t i a  pushes t h e  

Passengers forward. 

I n  a v i a t i o n  medicine and technology, one f requent ly  encounters t h e  con

c e p t  of "overload". This concept i s  condi t iona l .  An  overload i s  a r e l a t i v e  

value which i n d i c a t e s  how many t i m e s  t h e  f o r c e  causing a c c e l e r a t i o n  i s  g r e a t e r  

than t h e  weight of t h e  a c c e l e r a t e d  body. Overload i s  measured i n  u n i t s  which 

are mul t ip les  of t h e  weight of t h e  body under terrestrial  condi t ions.  I n  a 

s t a t e  of rest, a body is  subjected t o  an overload equal  t o  uni ty .  I f  an ex

t e r n a l  f o r c e  confers  an a c c e l e r a t i o n  of 5 g on a body, t h e  overload w i l l  b e  
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equal t o  5. This  means t h a t  t h e  weight of t h e  body under these  condi t ions  

w i l l  be  increased 5 t i m e s  r e l a t i v e  t o  t h e  o r i g i n a l  value.  

We assume i n  a v i a t i o n  medicine t h a t  t h e  f o r c e  a c t i n g  on t h e  p i l o t  i s  

equal t o  t h e  a c c e l e r a t i o n ,  i .e . ,  F = a. Consequently, when w e  t a l k  about t h e  

inf luence  of a c c e l e r a t i o n ,  i t  i s  necessary t o  imply t h e  mechanical f o r c e  which 

is a c t i n g  a t  a given moment on the  human being, and when we  are t a l k i n g  about 

overload w e  have i n  mind t h e  r a t i o  of t h e  a c t i n g  f o r c e  t o  t h e  weight of t h e  

body . 
Depending on t h e  d i r e c t i o n  of a c t i o n  relative t o  t h e  body of t h e  ind iv i - /185 

dual,  w e  have t h e  following d i f f e r e n t  types of overloads: l o n g i t u d i n a l ,  

t ransverse  and l a t e r a l .  An overload i s  termed l i n e a r  when i t  acts  i n  t h e  

d i r e c t i o n  from the  head t o  t h e  f e e t  (head t o  t h e  p e l v i s )  o r  vice versa, 

t ransverse  i f  i t  acts i n  t h e  d i r e c t i o n  from t h e  c h e s t  t o  t h e  back o r  vice 

versa ,  and l a t e r a l  when i t  acts from s i d e  t o  s i d e  (Figure 4 3 ) .  The e f f e c t  of 

overload i s  oppos i te  i n  d i r e c t i o n  t o  t h e  a c t i o n  of a c c e l e r a t i o n .  For example, 

i f  a c c e l e r a t i o n  i s  a c t i n g  i n  the  feet-head d i r e c t i o n ,  t h e  overload ( i n e r t i a l  

forces)  w i l l  be  d i r e c t e d  from t h e  head t o  t h e  f e e t .  

Accelerat ion wi th  a dura t ion  of a c t i o n  up t o  1 sec w i l l  be c o n d i t i o n a l l y  

given t h e  name of short-term, whi le  t h a t  which las ts  more than 1 second w i l l  j186  

be c a l l e d  long-term. 

The na ture  of t h e  change i n  the  phys io logica l  func t ions  of t h e  p i l o t ' s  

body, and his working a b i l i t y  under t h e  inf luence  of  a c c e l e r a t i o n  depend on 

t h e  n a t u r e  and t h e  magnitude of t h e  a c c e l e r a t i o n ,  t h e  dura t ion  and d i r e c t i o n  

of i t s  a c t i o n ,  t h e  number of t i m e s  t h e  a c t i o n  i s  repea ted ,  as w e l l  as t h e  

phys ica l  s ta te  and i n d i v i d u a l  c h a r a c t e r i s t i c s  of t h e  p i l o t ' s  body. The n a t u r e  

of these  changes may d i f f e r  from i n s i g n i f i c a n t  unpleasant f e e l i n g s  t o  extremely 

s e r i o u s  condi t ions accompanied by marked d is turbances  of t h e  a c t i v i t y  of t h e  

r e s p i r a t o r y  organs,  t h e  cardiovascular ,  nervous and o ther  systems of t h e  body, 

even loss of consciousness and t raumatic  i n j u r y .  
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Figure 4 3 .  C l a s s i f i c a t i o n  of overloads 
(a = a c c e l e r a t i o n ;  v = v e l o c i t y ;  n = 
= overload) .  

An i n d i v i d u a l  who is 

subjected t o  t h e  a c t i o n  of 

a c c e l e r a t i o n  f e e l s  a sense  

of heaviness a l l  over  h i s  

body, d i f f i c u l t y  i n  making 

movements, and sometimes pa ins  

i n  t h e  a r e a  of t h e  c h e s t  o r  

stomach. A t  c e r t a i n  levels of 

a c c e l e r a t i o n ,  d i s turbance  of 

v i s i o n  may occur. 

W e  know t h a t  t h e  a c t i o n  

of t h e  f o r c e  t h a t  d e l i v e r s  

a d d i t i o n a l  speed t o  a given 

body not  only a c t s  a t  t h e  

poin t  of a p p l i c a t i o n  of t h i s  

f o r c e ,  bu t  i s  a l s o  propagated 

through t h e  e n t i r e  body, 

causing a r e l a t i v e  s h i f t  and 

deformation of its p a r t s .  

These s h i f t s  and deformations i n c r e a s e  i n  s e v e r i t y  as t h e  a c t i n g  f o r c e  in

creases, and t h e  cohesion between t h e  p a r t s  of t h i s  body becomes weaker. 

Human t i s s u e s  and organs have var ious  physical  p r o p e r t i e s  and degrees  of 

i n t e r n a l  cohesion. Consequently, i n e r t i a l  movement and deformation take  place 

t o  d i f f e r e n t  degrees.  

Under t h e  inf luence  of a c c e l e r a t i o n ,  i t  i s  t h e  s o f t  t i s s u e s  which undergo 

maximum s h i f t i n g  and deformation (blood, s o f t  t i s s u e s  of t h e  f a c e ) ,  as w e l l  

as those i n t e r n a l  organs (organs i n  t h e  abdominal c a v i t y ) ,  which have g r e a t  

weight and i n s u f f i c i e n t  f i x a t i o n .  The g r e a t e s t  i n e r t i a l  displacement i s  seen 

i n  t h e  case of t h e  blood, which has  t h e  l e a s t  s o l i d  i n t e r n a l  connections.  This  

kind of s h i f t  i s  promoted by t h e  high l e v e l  of e l a s t i c i t y  of t h e  v e s s e l s .  Under 

t h e  inf luence  of a c c e l e r a t i o n  a c t i n g  f o r  a long t i m e  and d i r e c t e d  along t h e  

l a r g e  blood vessels t h e  blood moves e a s i l y  from one p a r t  of t h e  body t o  
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another.  Therefore,  i t  is d i s r u p t i o n  of t h e  c i r c u l a t i o n  under t h e  inf luence  

of a c c e l e r a t i o n  (overload) which i s  observed most f requent ly .  

A t  low levels of a c c e l e r a t i o n ,  t h e  deformation of t h e  organs and t i s s u e s  

does n o t  cause a s i g n i f i c a n t  d i s r u p t i o n  of t h e i r  func t ions .  However, as t h e  

a c c e l e r a t i o n  increases ,  t h i s  deformation may cause a sharp  d i s r u p t i o n  of t h e  

func t ions  of i n d i v i d u a l  organs and t h e  body as a whole. 

During f l i g h t ,  an a i r c r a f t  o f t e n  changes i t s  rate of movement and 

d i r e c t i o n ,  so t h a t  a c c e l e r a t i o n s  develop. Accelerat ion i n  f l i g h t  may develop 

with a change i n  v e l o c i t y  but  w i t h  r e t e n t i o n  of t h e  d i r e c t i o n  o f  movement o r ,  

on t h e  o t h e r  hand, a t  constant  v e l o c i t y  but  w i t h  a change i n  t h e  d i r e c t i o n  of 

movement, as w e l l  as w i t h  simultaneous change i n  v e l o c i t y  and d i r e c t i o n  of 

movement. 

I n  a v i a t i o n  p r a c t i c e ,  one usua l ly  f i n d s  a c c e l e r a t i o n s  of t h e  fol lowing 

four  types : l i n e a r  , r a d i a l ,  angular and C o r i o l i s .  

Linear  Accelerat ion and Its- 1-nf-luence 

on t h e  Human- Organism 

Linear a c c e l e r a t i o n  develops during a change i n  speed which i s  n o t  

accompanied by a change i n  d i r e c t i o n  of movement. I f  t h e  speed i n c r e a s e s ,  

the a c c e l e r a t i o n  i s  p o s i t i v e ;  i f  i t  decreases ,  a c c e l e r a t i o n  i s  negat ive.  

Long-term and short-term a c c e l e r a t i o n s  a r e  determined by the  length  of time 

they opera te ,  as w e  have a l ready  mentioned. 

Linear  a c c e l e r a t i o n  may be computed by the  fol lowing formula: 

where vt i s  t h e  f i n a l  v e l o c i t y  i n  m / s e c ,  v0 i s  t h e  i n i t i a l  v e l o c i t y  i n  m/sec, 

and t i s  the  t i m e  during which t h e  v e l o c i t y  changes, i n  seconds. 
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I n  a v i a t i o n  p r a c t i c e ,  l i n e a r  a c c e l e r a t i o n s  are observed during takeoff  

and landing,  during a c c e l e r a t i o n  and braking of t h e  a i r c r a f t  i n  f l i g h t ,  during 

launching from c a t a p u l t s ,  dur ing t h e  opening of t h e  parachute and landing of 

a p a r a c h u t i s t ,  when e j e c t i n g  a p i l o t  o u t  of the  a i r c r a f t  cabin,  and a l s o  during 

emergency landings.  The dura t ion  of  a c t i o n  of such a c c e l e r a t i o n s  v a r i e s  from 

f r a c t i o n s  of  a second t o  s e v e r a l  seconds. 

Linear a c c e l e r a t i o n  may act  i n  t h e  back-chest d i r e c t i o n  and t h e  chest-back 

d i r e c t i o n ,  a s  w e l l  a s  legs-head and head-legs. I188 

During takeoff ,  t h e  p i l o t  is subjected t o  t h e  a c t i o n  of p o s i t i v e  l i n e a r  

acce lera t ion ,  while  during landing t h i s  i s  negat ive.  With a normal pos ture  of 

t h e  p i l o t  i n  t h e  cabin on t a k e o f f ,  a c c e l e r a t i o n  a c t s  i n  t h e  d i r e c t i o n  from t h e  

back t o  the  ches t ,  and t h e  overload works i n  t h e  oppos i te  d i r e c t i o n  from t h e  

ches t  t o  t h e  back, press ing  t h e  p i l o t  a g a i n s t  the  back of h i s  s e a t .  During a 

landing run, however, a c c e l e r a t i o n  a c t s  i n  the chest-back d i r e c t i o n  and t h e  

overload i s  i n  the  back-chest d i r e c t i o n ,  p u l l i n g  the  p i l o t  away from t h e  back 

of t h e  s e a t .  

Linear a c c e l e r a t i o n s  which develop during takeoff and landing of an 

a i r c r a f t ,  as w e l l  as during change of v e l o c i t y  during f l i g h t ,  have p r a c t i c a l l y  

no unfavorable e f f e c t s  on t h e  p i l o t ' s  body. This i s  explained by t h e  f a c t  

t h a t  i n  these  ins tances  a c c e l e r a t i o n s  usua l ly  have a low va lue  (0.4-1 g ) ,  and 

they a c t  f o r  a s h o r t  space of t i m e  i n  a d i r e c t i o n  i n  which they are withstood 

most e a s i l y  by t h e  organism. Since man has  no l a r g e  blood v e s s e l s  which are 

loca ted  perpendicular  t o  t h e  l o n g i t u d i n a l  a x i s  of h i s  body, t h e  i n e r t i a l  

changes i n  the  blood i n  t h e  t ransverse  d i r e c t i o n  a r e  i n s i g n i f i c a n t .  

However, w i t h  a s t r i c t l y  t r a n s v e r s e  d i r e c t i o n  of a c c e l e r a t i o n ,  t h e  mechani

c a l  f o r c e s  e x e r t  p ressure  on t h e  area of t h e  ches t  and stomach, making i t  more 

d i f f i c u l t  t o  c a r r y  out  r e s p i r a t o r y  movements wi th  t h e  c h e s t  c a v i t y  and t h e  

a n t e r i o r  w a l l  of t h e  stomach. Therefore ,  w i t h  a s u f f i c i e n t  magnitude and 

d u r a t i o n  of a c t i o n  of t h i s  kind of a c c e l e r a t i o n ,  both r e s p i r a t o r y  

199 



and c i r c u l a t o r y  d i s o r d e r s  of t h e  lungs may p lay  a leading  r o l e  i n  t h e  general  

p i c t u r e  of t h e  d i s o r d e r s  observed i n  t h e  organism. 

The most general  r e a c t i o n  of t h e  organism t o  t h e  r e a c t i o n  of t ransverse  

overloads i s  a speeding up of r e s p i r a t i o n .  According t o  t h e  d a t a  from ob

s e r v a t i o n s ,  w i t h  an a c c e l e r a t i o n  of 7-10 g, t h e  frequency of r e s p i r a t i o n  and 

t h e  pulmonary v e n t i l a t i o n  i n c r e a s e  on t h e  average by 1-112 t o  2 t i m e s ,  whi le  

a t  a c c e l e r a t i o n  of 6-8 g t h e r e  i s  a d e f i n i t e  d i f f i c u l t y  of i n s p i r a t i o n  due t o  

compression of t h e  r i b  cage. However, even a t  an  a c c e l e r a t i o n  of 12 g and 

s u f f i c i e n t  f i x a t i o n  of t h e  trunk and head, t h e r e  w i l l  n o t  b e  any danger of  any 

kind as f a r  as t h e  body i s  concerned. 

A s  t h e  l i n e a r  t r a n s v e r s e  a c c e l e r a t i o n  i n c r e a s e s  , t h e r e  i s  a n o t i c e a b l e  

d i s r u p t i o n  of r e s p i r a t i o n  and t h e  development o f  p a i n f u l  f e e l i n g s  i n  t h e  area 

of  t h e  ches t  c a v i t y .  The pressure  on t h e  ches t  c a v i t y  and t h e  compression of 

t h e  lungs makes i t  more d i f f i c u l t  t o  brea the ;  r e s p i r a t i o n  becomes s u p e r f i c i a l  

and more frequent .  It has  been determined experimental ly  t h a t  even wi th  a 

l i n e a r  a c c e l e r a t i o n  of 8 g t h e  v i t a l  capac i ty  of t h e  human lungs i s  reduced 

s i g n i f i c a n t l y  i n  comparison wi th  t h e  o r i g i n a l  value.  I n  a d d i t i o n ,  i t  is  

p o s s i b l e  t o  have d i s r u p t i o n  of t h e  c i r c u l a t i o n  i n  t h e  lesser c i r c u l a t i o n .  

Linear a c c e l e r a t i o n s  are g r e a t e s t  when t h e  p i l o t  i s  e j e c t e d  from t h e  

a i rcraf t  cabin,  h i s  parachute opens, an a i r c r a f t  is  launched from a c a t a p u l t ,  

and i n  c rash  landings.  I n  t h e s e  cases, t h e  a c t i o n  of mechanical f o r c e s  

develops i n  a s h o r t  per iod  of t i m e  and acqui res  t h e  n a t u r e  of a shock. There

f o r e ,  a c c e l e r a t i o n s  of  this type have been c a l l e d  "shock acce lera t ions" .  A s  

a r u l e ,  shock a c c e l e r a t i o n  a c t s  f o r  no more than  one second (and i n  many cases 

t e n t h s  o r  hundredths and even thousandths of a second). The ra te  of develop

ment of shock a c c e l e r a t i o n  may reach hundreds and thousands of g ' s  per  second. 

The degree of a c t i o n  of a shock a c c e l e r a t i o n  i s  determined by t h e  magni

tude of a c c e l e r a t i o n ,  the  t i m e  of i t s  a c t i o n ,  and the  rise t i m e .  It i s  obvious 

t h a t  t h e  f a s t e r  t h e  a c c e l e r a t i o n  and t h e  rise t i m e ,  t h e  g r e a t e r  t h e  danger of 
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i n j u r y .  A s  a r e s u l t  of t h e  a c t i o n  of shock a c c e l e r a t i o n ,  var ious  organs and 

t i s s u e s  are deformed so t h a t  a t  high a c c e l e r a t i o n s  t h e r e  may b e  concentrated 

o r  general ized trauma. 

E f f e c t  o f  Linear  Acce lera t ion  During E i e c t i o n  

Ejec t ion  i s  t h e  emergency removal of t h e  p i l o t  from t h e  a i r c r a f t  cabin 

toge ther  wi th  h i s  seat. Af te r  pass ing  over  t h e  t a i l  of t h e  a i r c r a f t ,  t h e  

p i l o t  f a l l s  i n t o  a zone which is  s a f e  f o r  t h e  parachute  t o  open. 

The need f o r  e j e c t i o n  i s  caused by t h e  f a c t  t h a t ,  i n  t h e  event t h a t  a n  

emergency s i t u a t i o n  develops a t  a f l i g h t  speed above 500 km/hr, t h e  major i ty  

of p i l o t s  do not  have t h e  p h y s i c a l  s t r e n g t h  which is  required so  t h a t  they 

can emerge from t h e  a i r c r a f t  cabin a f t e r  overcoming the  i n c i d e n t  flow of a i r ;  

t h e  f o r c e  of t h i s  a i r f l o w  i s  so g r e a t  t h a t  a f t e r  emerging t h e  p i l o t  i s  un

avoidably pushed a g a i n s t  t h e  t a i l  assembly (Figure 4 4 )  and in jured .  

W e  know t h a t  even a t  a v e l o c i t y  of 250 km/hr, t h e  p i l o t  must expend 

considerable  e f f o r t  and t i m e ,  and must have a c e r t a i n  degree of t r a i n i n g .  

A t  a speed of 400 km/hr, a p i l o t  w i t h  average phys ica l  development w i l l  s t i l l  

have s u f f i c i e n t  energy t o  b e  a b l e  t o  overcome t h e  r e s i s t a n c e  of t h e  v e l o c i t y  

head of a i r  without having t o  r e s o r t  t o  t h e  a i d  of an a i r c r a f t  e j e c t i o n  device.  

A t  a speed of 50C km/hr, i t  i s  very  d i f f i c u l t  and dangerous t o  heave t h e  a i r 

c r a f t  on one 's  own. A t  a f l i g h t  speed of 600 km/hr, i t  i s  p r a c t i c a l l y  

impossible t o  leave t h e  a i r c r a f t  without  t h e  a i d  of an e j e c t i o n  system. I f  

w e  assume t h a t  t h e  p i l o t  weighs 70 kg, c a l c u l a t i o n s  w i l l  show t h a t  a t  a f l i g h t  

speed of 800 km/hr t h e  f o r c e  of t h e  pressure  of t h e  a i r s t r e a m  w i l l  exceed 

t h e  weight of t h e  p i l o t  by a f a c t o r  of 44 ,  a t  1000 km/hr by 67 and 1500 km/hr 

by 155. 

S t a t i s t i c a l  d a t a  show t h a t  during t h e  World War 11, o u t  of 1,178 parachute  

jumps made from high-speed a i r c r a f t  by German Luftwaffe p i l o t s  who d i d  n o t  

have e j e c t i o n  equipment, 158 r e s u l t e d  i n  s e r i o u s  i n j u r y .  I n  t h e  United States 

Army A i r  Force, 24% of t h e  p i l o t s  who jumped wi th  parachutes  from high-speed 
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Figure 4 4 .  Rela t ive  t r a j e c t o r i e s  of movement 
of p i l o t  on leaving  an a i rcraf t  a t  var ious  
f l i g h t  speeds. 

a i rcraf t  i n  1943 received 

s e r i o u s  i n j u r i e s  due t o  

s t r i k i n g  t h e  t a i l  assembly. 

During t h e  per iod from 1944 

t o  1949, o u t  of  850 emergency 

e x i t s  from a i r c r a f t  of d i f 

f e r e n t  types,  51% involved t h e  

p i l o t s  being in jured  t o  

v a r i o u s  degrees,  w i t h  16% of 

t h e  cases having a f a t a l  

o u tcome. 

These d a t a  i n d i c a t e  t h a t  

s p e c i a l  devices  are necessary /191 

t o  s a f e l y  e j e c t  the  p i l o t  from t h e  cabin of a modern a i r c r a f t .  The most re

l i a b l e  method f o r  t h i s  purpose ( a s  ind ica ted  by t h e  l a r g e  amount of experience 

wi th  e j e c t i o n  from modern a i r c r a f t )  i s  an e j e c t i o n  mechanism ( s e a t )  which 

makes i t  poss ib le  t o  leave t h e  a i r c r a f t  i n  t h e  s h o r t e s t  per iod of t i m e  and a t  

high l e v e l s  of t h e  a i r  v e l o c i t y  head without t h e  p i l o t  having t o  make any 

e f f o r t .  The p i l o t  may b e  e jec ted  i n  t h e  event he i s  wounded. Unfavorable 

outcomes i n  e j e c t i o n  occur r a r e l y  and a r e  due mainly t o  causes which have 

nothing t o  do w i t h  t h e  mechanism and t h e  a c t i o n  of t h e  e j e c t i o n  system. 

A t  the present  t i m e ,  t h e r e  are  a i r c r a f t  systems f o r  upward e j e c t i o n ,  as 

w e l l  a s  devices  f o r  downward e j e c t i o n .  

The a i r c r a f t  e j e c t i o n  system c o n s i s t s  of a s p e c i a l  seat, f i r i n g  mechanism, 

and guide rails. 

A s  a r e s u l t  of tests conducted i n  r e c e n t  years  by Soviet  s c i e n t i s t s  (M. P. 

Brestkin,  P. K. Isakov, V. I. Babushkin, S.  A. Gozulov, E. V. Marukhanyan and 

I. A. Tsvetkov), t h e  e f f e c t  of e j e c t i o n  on the  p i l o t ' s  body w a s  determined, 

and a number of recommendations made f o r  developing more e f f i c i e n t  methods of 

e j e c t i o n  and e j e c t i o n  systems themselves. 
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Upward E.j ec  t i o n  

The major i ty  of modern a i r c r a f t  have s e a t s  f o r  upward e j e c t i o n .  The 

seat i s  equipped with a f i r i n g  mechanism. This  mechanism is  a c t i v a t e d  by 

a manual c o n t r o l  loca ted  on t h e  arm of  t h e  s e a t ,  o r  else i s  operated when a 

hood contained i n  t h e  headres t  o f  t h e  c h a i r  i s  pul led  down (Figure 45). 

4 

Figure 45. P r i n c i p a l  p a r t s  of modern e j e c t i o n  s e a t :  

1 - seat bottom; 2 - back rest; 3 - head rest; 4 - f i r i n g  
mechanism; 5 - v i s o r ;  6 - r e s t r a i n e r  f o r  arms; 7 - s t a b i l i z i n g  
s h i e l d s ;  8 - straps of r e s t r a i n i n g  system; 9 - parachute 
system container ;  10 - handles t o  c o n t r o l  s e a t ;  11 - common 
connector.  

The explosive energy of t h e  powder c a r t r i d g e  i n  t h e  f i r i n g  mechanism must 

be such t h a t  t h e  seat ( toge ther  w i t h  t h e  p i l o t )  i s  e j e c t e d  t o  a he ight  ( r e l a t i v e  

t o  t h e  a i r c r a f t )  of a t  least  12-13 m a t  a speed of 18-20 m/sec. This enables  1192 

t h e  p i l o t  a t  a f l i g h t  speed of more than 700 km/hr t o  g e t  away from t h e  sphere 

of t h e  a i r f l o w  and not  s t r i k e  t h e  t a i l  assembly. I n  general ,  t h e  f o r c e  re

quired f o r  s a f e  e j e c t i o n  of t h e  p i l o t  depends on t h e  speed and a l t i t u d e  of 
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f l i g h t  and t h e  angle  of s lope  

Figure 46. Overload on 

of t h e  guide rails, as w e l l  as 

the  weight of t h e  p i l o t  and 

seat. 

U I n  upward e j e c t i o n  ( re la 

t ive t o  t h e  f l o o r  of t h e  cabin) ,  

t h e  fol lowing act  on t h e  p i l o t :  

- p o s i t i v e  l i n e a r  shock 

a c c e l e r a t i o n ,  developed on 

t h r u s t  as a r e s u l t  of explosion 

of t h e  powder charge; t h e  over

load a c t s  i n  t h e  head-feet 

d i r e c t i o n  (Figure 46,  a ) ;  

- pressure  (shock) of t h e  

upward e j e c t i o n .  i n c i d e n t  a i r f l o w  (Figure 4 6 ,  b) ; 

- negat ive  l i n e a r  t rans

verse a c c e l e r a t i o n ,  caused by slowing down of t h e  h o r i z o n t a l  v e l o c i t y  of t h e  

seat due t o  braking by t h e  a i r f low;  

- overload i n  the  back-chest d i r e c t i o n  (Figure 46,  e ) ;  /193 

- r a d i a l  a c c e l e r a t i o n  which develops as t h e  seat  t u r n s  i n  t h e  a i r ;  

- the  d i r e c t i o n  of a c t i o n  of t h e  o v e r s t r e s s  is  not  cons tan t  (Figure 4 6 ,  

d) ; 
- negat ive l i n e a r  l o n g i t u d i n a l  a c c e l e r a t i o n ,  which develops w i t h  a drop 

i n  t h e  ver t ical  speed of t h e  s e a t ;  t h e  overload i n  t h i s  case acts i n  t h e  

legs-head d i r e c t i o n  (Figure 4 6 ,  d ) .  

Hence, during e j e c t i o n ,  t h e  p i l o t  i s  exposed f o r  a s h o r t  per iod of t i m e  

t o  a c c e l e r a t i o n s  (overloads) i n  d i f f e r e n t  d i r e c t i o n s .  A t  h igh f l i g h t  speeds,  

t h e  a c c e l e r a t i o n s  may reach c r i t i c a l  values .  I n  order  t o  understand more 

c l e a r l y  how e j e c t i o n  a c t s  on t h e  human body, l e t  us  look a t  the  e f f e c t  of each 

of t h e  a c c e l e r a t i o n s  t h a t  develop during e j e c t i o n .  
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Pos-i_t_iveacce lera- t ion  during a t h r u s t  i n  t h e  ver t ical  d i r e c t i o n .  I n  t h e  /194 

case of upward e j e c t i o n ,  a t  t h e  moment t h e  powder charge explodes, t h e  p i l o t  

is subjected t o  a shock l i n e a r  a c c e l e r a t i o n  (push) d i r e c t e d  from t h e  l e g s  

toward t h e  head. I n  t h i s  case, t h e  overload is  d i r e c t e d  from t h e  head toward 

t h e  feet ,  while  t h e  degree of a c c e l e r a t i o n  may vary from 10-20 g and t h e  

d u r a t i o n  of t h e  a c c e l e r a t i o n  e f f e c t  is  only 0.1-0.2 sec. 

The a c c e l e r a t i o n  necessary f o r  upward e j e c t i o n  may b e  c a l c u l a t e d  by t h e  

formula 

a = - V2 

2s * 

where v i s  t h e  speed of e j e c t i o n  of t h e  p i l o t ,  and S is  t h e  path t rave led  t o  

achieve t h i s  v e l o c i t y .  

For example, l e t  us determine t h e  acce lera t ion ,  t h e  f o r c e  of  t h e  t h r u s t  

and t h e  overload i n  case of upward e j e c t i o n ,  i f  v = 20 m / s e c ,  S = 2 m and t h e  

weight of t h e  p i l o t  P = 7 0  kg. For these  condi t ions,  t h e  a c c e l e r a t i o n  w i l l  b e  

t h e  f o r c e  of impact w i l l  b e  

F=ma=-	 P 
a a=---. 70 100=700 kg ;&? 10 

and t h e  overload w i l l  b e  

Under the lnf luence  of t h i s  a c c e l e r a t i o n ,  t h e  p i l o t  w i l l  be  pressed /195 

a g a i n s t  h i s  seat, and t h e  b a s i c  stress i n  t h i s  case w i l l  b e  taken up by t h e  

s p i n a l  column. 
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Experience has  shown t h a t  an a c c e l e r a t i o n  of 10-20 g ,  a c t i n g  f o r  0.1-0.2 

sec, i s  t o l e r a t e d  completely s a t i s f a c t o r i l y  by t h e  organism. This  per iod of 
t i m e  i s  i n s u f f i c i e n t  f o r  t h e  development of d i s o r d e r s  i n  t h e  blood c i r c u l a t i o n ,  

and t h e  d isorders  i n  t h e  a c t i v i t y  of t h e  c e n t r a l  nervous system do not  reach 

t h e  l e v e l s  t h a t  are usua l  during t h e  long-term a c t i o n  of r a d i a l  a c c e l e r a t i o n .  

Nevertheless ,  t h e  shock effect  of a c c e l e r a t i o n  produces a c e r t a i n  r e a c t i o n  i n  

t h e  organism. A t  an a c c e l e r a t i o n  of 18 g a c t i n g  f o r  0 .2  sec, pa ins  a r e  some

t i m e s  f e l t  i n  t h e  but tocks ,  t h e  sacrum, t h e  c h e s t  o r  neck p o r t i o n s  of t h e  sp ine ,  

and sometimes i n  t h e  s u b s t e r n a l  a rea .  I n  a d d i t i o n ,  t h e r e  i s  a speeding up of 

t h e  pulse  and r e s p i r a t i o n ,  an increase  i n  t h e  blood pressure ,  and a slowing 

down of response r e a c t i o n s  on t h e  p a r t  of t h e  body. A l l  of these  phenomena 

pass  completely 3-5 minutes a f t e r  e j e c t i o n .  

During e j e c t i o n  i n  t r a i n i n g ,  an increase  i n  t h e  p u l s e  rate and r e s p i r a 

t i o n ,  as  w e l l  as an i n c r e a s e  i n  blood pressure  i n  most cases begins  3-5 minutes 

p r i o r  t o  e j e c t i o n .  This i n d i c a t e s  t h a t  t h e s e  r e a c t i o n s  of the  organism t o  

e j e c t i o n  develop n o t  only under t h e  inf luence  of mechanical f o r c e s  (accelera

t i o n ) ,  b u t  as a r e s u l t  o f  neuro-emotional stresses connected w i t h  t h e  a n t i c i 

p a t i o n  of e j e c t i o n  t o  come. 

High shock a c c e l e r a t i o n s  may cause i n j u r y  t o  t h e  s p i n e  and o t h e r  p a r t s  

of t h e  body. To avoid damage, i t  is  extremely important  t h a t  t h e  p i l o t  adopt 

t h e  c o r r e c t  o r i g i n a l  pos ture  p r i o r  t o  e j e c t i o n  and f a s t e n  h i s  body t o  t h e  

c h a i r .  I f  t h e  t runk i s  n J t  s t rapped t i g h t l y  enough t o  t h e  seat ,  t h e  e f f e c t  

of t h e  a c c e l e r a t i n g  forces  on impact may b e  m u l t i p l i e d  s o  t h a t  i t  w i l l  b e  

d i r e c t e d  a t  an angle t o  t h e  s p i n e  and w i l l  cause cons iderable  curva ture  of 

i t s  c e r v i c a l  and sacral por t ions .  This may l e a d  t o  i n j u r y  of t h e  sp ine .  

Despi te  t h e  f a c t  t h a t  t h e  s a c r a l  p a r t  of t h e  s p i n e  i s  much s t r o n g e r  than t h e  

c e r v i c a l  p o r t i o n ,  a t  high overloads and i n c o r r e c t  p o s i t i o n  of t h e  body i n  t h e  

seat i t  is t h e  s a c r a l  p a r t  which is in jured .  This  i s  explained by t h e  f a c t  

t h a t  t h e  e n t i r e  upper p a r t  of the  body rests on t h e  s a c r a l  s e c t i o n  

( i t s  weight i s  about 55% of t h e  weight of the  body), and only t h e  head rests 

on t h e  c e r v i c a l  port ion.  ( I t s  weight i s  equal  t o  7% of t h e  t o t a l  body weight.) 

Limiting stresses f o r  t h e  c e r v i c a l  ver tebrae  develop a t  an a c c e l e r a t i o n  of 
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27 g, while  f o r  the sacral area they develop a t  an  a c c e l e r a t i o n  of 23 g ( i n  

both cases ,  t h e  d u r a t i o n  of t h e  a c c e l e r a t i o n  is 0.1 sec, while  t h e  rise t i m e  

f o r  a c c e l e r a t i o n  i s  up t o  345 g/sec) .  Following s u f f i c i e n t  prel iminary 

t r a i n i n g ,  wi th  good f a s t e n i n g  of t h e  body i n  t h e  seat and t h e  c o r r e c t  pos ture ,  

and with s t r ic t  observat ion of a l l  s a f e t y  measures, a man can s a t i s f a c t o r i l y  

withstand an a c c e l e r a t i o n  of  23 g f o r  0 . 1  sec. Nevertheless,  s t u d i e s  have 

shown t h a t  t h e  maximum phys io logica l ly  permissible  a c c e l e r a t i o n  f o r  upward 

e j e c t i o n  must be considered t o  be an a c c e l e r a t i o n  of 20 g with a t o t a l  d u r a t i o n  

of 0.15-0.2 sec. 

To avoid unfavorable consequences when e j e c t i n g ,  i t  i s  recommended t h a t  

t h e  t runk b e  f i rmly  fas tened  t o  the  seat, t h e  head pressed a g a i n s t  t h e  head

rest, l e g s  braced a g a i n s t  f o o t  rests and hands braced a g a i n s t  a r m  rests. These 

a c t i o n s  promote t h e  r e l i e f  of the  stress on t h e  s p i n a l  column. Thus, f o r  

example, merely a s  a r e s u l t  of r e s t i n g  one’s weight on the  a r m  rests, about 

30% of t h e  load i s  taken of f  t h e  s a c r a l  p o r t i o n  of t h e  spine.  I n  order  t o  

prevent s t r i k i n g  t h e  elbows a g a i n s t  t h e  s i d e s  of t h e  cabin,  it is necessary t o  

p r e s s  them t i g h t l y  a g a i n s t  t h e  t runk and i n  no case t o  extend them t o  t h e  s i d e .  

The s a f e t y  b e l t s  a r e  very important f o r  e j e c t i o n  s a f e t y .  They must a l low 

t h e  p i l o t  t o  b e  fastened r e l i a b l y  t o  h i s  seat, and must a l s o  al low r a p i d  

s e p a r a t i o n  from t h e  seat following e j e c t i o n .  It is  very important t h a t  t h e  

t igh ten ing  of the  s a f e t y  b e l t s  (holding t h e  p i l o t  i n  h i s  s e a t )  be accomplished 

automatical ly  p r i o r  t o  e j e c t i o n .  Usually the t igh ten ing  of t h e  b e l t s ,  removal 

of t h e  canopy and a c t i v a t i o n  of t h e  f i r i n g  mechanism a r e  cont ro l led  by a s i n g l e  

handle. 

Pressure  (shock) of t h e  i n c i d e n t  a i r  flow. This f o r c e  begins  t o  ac t  a t  

t h e  moment t h e  p i l o t  e n t e r s  t h e  a i r s t ream.  Its magnitude depends on t h e  speed 

of t h e  a i r c r a f t  (Table 21). A s  w e  can see from t h e  t a b l e ,  an  i n d i v i d u a l  when 

/196 

e j e c t e d  may encounter a f o r c e  of impact from t h e  i n c i d e n t  a i r f l o w  which is /197 

hundreds and thousands of kilograms. Since t h e  a c t i o n  of t h i s  impact is b r i e f ,  

i t  may b e  compared w i t h  t h e  a c t i o n  of a l i n e a r  shock a c c e l e r a t i o n  d i r e c t e d  

from t h e  c h e s t  t o  t h e  back. 
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TABLE 21. 

. . . - .- .. 

Airflow pressure ,  

kgf/cm2 
;i- ..- . .- .- . . . .. 

100--203 50 
300 235 
500 1207 
600 1740 
800 3090 

1000 4 760 
1200 6 940 
I300 8 150 
1400 9 450 
1500 IO 900 
2000 19 300 

Force of pressure  

on man, kgf 
~ ... -~ 

23 
194 
540 

1060 
1550 
2900 
4850-
-
-

80Mi 

Studies  have shown t h a t ,  even a t  a speed of t h e  a i r f l o w ,  ( i . e . ,  f l i g h t  

speed) of 160 km/hr, t h e r e  i s  a "trembling" of t h e  s k i n  of  the  face,  neck 

and ears. A s  t h e  speed of t h e  a i r f l o w  increases ,  t h e  s o f t  t i s s u e s  of the  

f a c e  are deformed. A t  a speed of t h e  a i r f l o w  equal  t o  o r  more than 500 km/hr, 

wave-like creases develop i n  t h e  s k i n  of t h e  face ,  spreading r a p i d l y  away from 

t h e  corners  of t h e  mouth, eyes and chin toward t h e  ears and neck. The s o f t  

t i s s u e s  are deformed t o  such a degree t h a t  t h e  t r a n s v e r s e  diameter of t h e  f a c e  

becomes g r e a t e r  than the longi tudina l .  I f  a i r  e n t e r s  t h e  mouth, t h e  cheeks 

are sharp ly  distended and t h e  f i l l i n g  of t h e  lungs increases .  A stream of 

a i r  a t  a f o r c e  of 600 km/hr causes p a i n f u l  s e n s a t i o n s  i n  t h e  area of t h e  face ,  

eyes and, neck as w e l l  as a f e e l i n g  of pressure  i n  t h e  ears and ches t .  A t  a n  

airstream speed equal  t o  850 km/hr, these  phenomena become so  severe t h a t  

i s o l a t e d  hemorrhages appear on t h e  s k i n  of t h e  f a c e  and t h e  mucous membranes 

of t h e  eyes. A t  an  a i r f l o w  speed of 1,000-1,200 km/hr, ex tens ive  hemorrhages 

and damage t o  t h e  s o f t  t i s s u e  of t h e  f a c e  may take  p lace .  

The g r e a t e s t  danger i s  posed by t h e  a c t i o n  of t h e  i n c i d e n t  a i r f l o w  on 

the  unprotected head, as w e l l  as t h e  upper and lower ex t remi t ies .  A t  speeds 

of 650-750 km/hr, t h e  a i r  s t ream p u l l s  t h e  hands away from t h e  a r m  rests, and 
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t h e  l e g s  away from t h e  f o o t  rests. A s  a r e s u l t  t h e r e  may b e  d i s l o c a t i o n s ,  

s t r e t c h i n g  of t h e  l igaments i n  t h e  j o i n t s ,  t e a r i n g  of muscles, hemorrhaging 

and s o  on. Tearing and damage t o  p a r t s  of s p e c i a l  p i l o t  equipment i s  observed 

a t  a speed of 640 km/hr, whi le  i n  some cases  i t  has been observed a t  lower 

speeds as w e l l .  

A l l  of t h i s  i n d i c a t e s  t h a t  p r o t e c t i o n  of t h e  p i l o t  a g a i n s t  t h e  inf luence  

of t h e  i n c i d e n t  a i r  flow i s  very important t o  preserve  s a f e t y  when leaving  

t h e  a i r c r a f t .  One means of providing t h i s  p r o t e c t i o n  f o r  t h e  f a c e  of  t h e  

p i l o t  is t h e  hood which is mounted on t h e  back of the  e j e c t i o n  seat. It  a l s o  

enables him t o  maintain t h e  c o r r e c t  pos ture  when e j e c t i n g .  The use  of t h i s  

hood makes i t  p o s s i b l e  t o  b e  e j e c t e d  s a f e l y  a t  speeds of 900-1,000 km/hr. 

However, i t  is  inconvenient t o  use  i f  t h e  p i l o t  i s  dressed i n  a h igh-a l t i tude  1198 

compensating s u i t  o r  f l y i n g  s u i t .  Therefore,  s e a t s  wi th  hoods are n o t  used 

f o r  f l i g h t s  a t  very high a l t i t u d e s .  

Rel iab le  pro tec t ion  a g a i n s t  t h e  inf luence  of i n c i d e n t  a i r f l o w  a t  f l i g h t  

speeds up t o  1,300 km/hr i s  provided by h igh-a l t i tude  equipment, inc luding  

compensatory f l y  pressure  s u i t s .  

To prevent "sca t te r ing"  and damage t o  t h e  e x t r e m i t i e s  when s t r i k i n g  t h e  

a i r  stream, r e s t r a i n t s ,  supports  and l i m i t i n g  devices  a r e  used, which are 

mounted on t h e  s e a t  and hold t h e  hands and l e g s  i n  t h e  necessary p o s i t i o n  a t  

t h e  moment of e j e c t i o n .  

I n  order  t o  leave  an  a i r c r a f t  a t  supersonic v e l o c i t i e s ,  when t h e  impact 

e f f e c t  of t h e  i n c i d e n t  a i r s t r e a m  is  p a r t i c u l a r l y  g r e a t  and dangerous, i t  i s  

d e s i r a b l e  t o  use s p e c i a l  d e f l e c t o r s ,  e j e c t i o n  capsules ,  and separable  cabins .  

The  d e f l e c t o r  c o n s i s t s  of a s m a l l  p l a t e  which moves out  on a s p e c i a l  

support  ahead of t h e  seat during e j e c t i o n .  Under t h e  inf luence  of t h e  a i r  

flow, a shock wave forms i n  t h e  a i r  near  t h i s  p l a t e  and t h e  p i l o t  f a l l s  i n t o  

a s a f e  zone where t h e  pressure  of the i n c i d e n t  a i r f l o w  is much less. 
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Figure 47. P r o t e c t i v e  capsule  i n  a n  a i r c r a f t :  

1- w a l l  of a n t i g r a v i t y  capsule;  2 - para
chute  system; 3 - e j e c t i o n  system; 4 - hatch ;  
5 - fo ld ing  canopy; 6 - equipment; 7 - s e a t .  
A t  t h e  bottom, t h e  p o s i t i o n s  of t h e  capsule  a t  
d i f f e r e n t  d i r e c t i o n s  of the  overload are shown. 

The capsule  (Figure 

47) c o n s i s t s  of a system 


of f l a p s  which c l o s e  auto 


m a t i c a l l y  before  e j e c t i o n  /199 

forming a closed s o l i d  


envelope around t h e  p i l o t .  


The separable  cabin 

(Figure 48)  s e p a r a t e s  from 

t h e  a i r c r a f t  together  w i t h  

t h e  nose s e c t i o n  of t h e  

fuse lage  i n  t h e  event of 

a n  acc ident  i n  t h e  a i r .  

The e j e c t i o n  capsule  

and t h e  separable  cabin,  

as w e l l  a s  p r o t e c t i o n  

a g a i n s t  t h e  impact of t h e  

a i r s t ream,  reduce t h e  

nega t ive  overload of t rans/A=-verse ac t ion .  They are 

capable  of f l o a t i n g ,  and, 

Explosive b o l t s  

Figure 48. Shape and s t r u c t u r e  of separable  
nose s e c t i o n  of fuse lage  containing cabin.  
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s i n c e  they are pressurized,  

t h e r e  i s  no need t o  use 

heavy h igh-a l t i tude  equip

ment. 

Negative l i n e a r  t rans

verse a c c e l e r a ~ t i o n .  This 

a c c e l e r a t i o n  i s  t h e  r e s u l t  

of t h e  braking a c t i o n  of 

t h e  i n c i d e n t  a i r f low.  I n  

t h i s  case, t h e  overload i s  

d i r e c t e d  from t h e  back 



toward t h e  ches t .  A t  s o n i c  f l i g h t  v e l o c i t i e s  a c c e l e r a t i o n  may reach 40-45 g. 

It  has  been found t h a t  a hea l thy  i n d i v i d u a l  can withstand an a c c e l e r a t i o n  of  

t h i s  kind completely s a t i s f a c t o r i l y  a t  a r ise t i m e  of 500 g/sec.  

Negative l i n e a r  longi- tudinal  a c c e l e r a t i o n .  This develops a t  t h e  same 

t i m e  as t r a n s v e r s e  nega t ive  a c c e l e r a t i o n ,  as t h e  r e s u l t  of e x t i n c t i o n  of t h e  /200 

v e r t i c a l  speed of t h e  e j e c t i n g  p i l o t  wi th  h i s  s e a t .  I n  t h i s  case,  t h e  over

load i s  i n  t h e  d i r e c t i o n  from t h e  f e e t  t o  t h e  head. I n  t h e  case  of e j e c t i o n  

from an  a i r c r a f t  f l y i n g  a t  a speed of approximately 1,000 km/hr, t h e  accelera

t i o n  may reach 4 g, and acts f o r  a very s h o r t  t i m e .  

I n  view of t h e  f a c t  t h a t  t h e  t r a n s v e r s e  negat ive a c c e l e r a t i o n  is many 

t i m e s  g r e a t e r  than t h e  v e r t i c a l ,  t h e  d i r e c t i o n  of t h e i r  r e s u l t a n t  d i f f e r s  

s l i g h t l y  from the d i r e c t i o n  of t h e  t r a n s v e r s e  a c c e l e r a t i o n ,  i . e . ,  from t h e  

back-chest d i r e c t i o n .  The e f f e c t  of a c c e l e r a t i o n  ( t o t a l  i n  t h i s  case) i n  t h i s  

d i r e c t i o n ,  a s  w e  know, i s  more favorable  than t h e  a c t i o n  of l o n g i t u d i n a l  

a c c e l e r a t i o n  ( l e s s  stress on t h e  sp ine ,  c i r c u l a t o r y  system and i n t e r n a l  organs) 

and has no negat ive  e f f e c t  on the  human organism. 

I n  some cases ,  fol lowing s e p a r a t i o n  from the  a i r c r a f t ,  t h e  seat begins t o  

r o t a t e  around i t s  t r a n s v e r s e  a x i s  and t h e  p i l o t  begins  t o  be a f f e c t e d  by r a d i a l  

a c c e l e r a t i o n  as w e l l  a s  l i n e a r  negat ive acce lera t ion .  Due t o  i t s  low magnitude 

and b r e v i t y  of a c t i o n ,  r a d i a l  a c c e l e r a t i o n  does n o t  have a s i g n i f i c a n t  e f f e c t  

on the  human organism. 

Downward E-j ect i o n  

Devices f o r  downward e j e c t i o n  are  u s u a l l y  employed i n  bombers, which have 

a long fuse lage  length  and a high t a i l  assembly. I n  t h i s  type of e j e c t i o n ,  

a c c e l e r a t i o n  acts i n  a d i r e c t i o n  from t h e  head t o  t h e  f e e t  whi le  t h e  overload 

acts from t h e  f e e t  t o  the head. I n  the opinion of t h e  major i ty  of i n v e s t i 

ga tors ,  an overload of 8-10 g (with a t i m e  of a c t i o n  n o t  i n  excess of 0.2 sec)  

must b e  considered t h e  maximum permiss ib le  va lue  f o r  downward e j e c t i o n .  
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A s  w e  have a l ready  s a i d ,  upward e j e c t i o n  h u r l s  t h e  p i l o t  o u t  of t h e  cabin 

i n  h i s  seat. I n  downward e j e c t i o n ,  however, t h e  oppos i te  p i c t u r e  holds:  t h e  

seat, so t o  speak, "drags" t h e  p i l o t  behind i t .  I n  t h i s  case, t h e  overload is  

t r a n s f e r r e d  t o  t h e  s p i n a l  column of t h e  p i l o t  by means of shoulder  s a f e t y  b e l t s .  

Therefore,  i t  is recommended t h a t  a s p e c i a l  system of b e l t s  b e  used i n  t h e  

event  of downward e j e c t i o n  which make i t  p o s s i b l e  t o  hold t h e  p i l o t ' s  p e l v i s  

and sacrum as w e l l  as h i s  e x t r e m i t i e s  i n  t h e  seat. 

Downward e j e c t i o n ,  due t o  t h e  d i r e c t i v i t y  of t h e  overload a c t i o n  ( fee t - /202 
head),  i s  less favorable  from t h e  phys io logica l  s tandpoin t  than i s  upward 

e ject  ion. 

C h a r a c t e r i s t i c s  of Ejec t ion  a t  Low A l t i t u d e  

The lower t h e  a l t i t u d e  a t  which t h e  emergency occurs ,  t h e  more d i f f i c u l t  

i t  is f o r  t h e  crew members t o  take  measures t o  save themselves. The p r i n c i p a l  

d i f f i c u l t y  l ies  i n  t h e  f a c t  t h a t  t h e r e  i s  i n s u f f i c i e n t  t i m e  (and, consequently,  

a l t i t u d e )  f o r  f i l l i n g  (opening) t h e  canopy of t h e  main chute.  A t  t h e  present  

t i m e ,  parachute systems wi th  s h o r t  opening t i m e s  are used f o r  e j e c t i o n  a t  low 

and 0 a l t i t u d e s ,  and t h e  e j e c t i o n  process  i s  completely automated, 

During takeoff  o r  landing, t h e  e n t i r e  process  from t h e  moment of e j e c t i o n  

t o  t h e  moment of landing las ts  4-6 sec and takes  p lace  i n  t h e  following order  

(Figure 49) .  The p i l o t ,  having decided t o  abandon t h e  a i r c r a f t ,  p u l l s  o u t  t h e  

f a c e  c u r t a i n  (presses  t h e  handle of t h e  f i r i n g  mechanism), t h e  canopy release 1203 

mechanism is a c t i v a t e d  a t  t h e  same t i m e  t h e  f a c e  c u r t a i n  i s  drawn, and 0.5 sec 

following e j e c t i o n  t h e  "parachute gun'' ejects t h e  s t a b i l i z i n g  parachute which 

throws t h e  p i l o t  together  wi th  h i s  s e a t  p r a c t i c a l l y  on t o  h i s  back and p u l l s  

ou t  t h e  brake chute.  About 1.5 seconds la ter ,  t h e  clamps of t h e  b e l t  system 

open automatical ly ,  t h e  s e a t  s e p a r a t e s  from t h e  p i l o t ,  and t h e  main parachute 

i s  deployed. I f  t h e  e j e c t i o n  takes  p lace  a t  high speeds,  s e p a r a t i o n  of t h e  

seat from t h e  p i l o t  and opening of t h e  main chute  i s  au tomat ica l ly  delayed by 

3-4 sec. 
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10 - 1. Deployment of s t a b i l i z i n g  chute  

0,5 1 	 3 4 6 
T i m e ,  seconds 

Figure 4 9 .  E j e c t i o n  a t  low a l t i t u d e s .  

An encouraging new f e a t u r e  intended f o r  rescuing t h e  p i l o t  a t  low 

a l t i t u d e s ,  judging by f o r e i g n  d a t a ,  is  t h e  rocke t  boos te r  (Figure 50).  This  

device,  which opera tes  simultaneously with t h e  f i r i n g  mechanism, h u r l s  t h e  

s e a t  together  with t h e  p i l o t  t o  an a l t i t u d e  of more than 90 meters and as a 

r e s u l t  c r e a t e s  t h e  necessary condi t ions  f o r  opera t ion  of t h e  parachute system. 

C h a r a c t e r i s t i c s  of Eiec t ion  a t  High A l t i t u d e  

I f  t h e  parachute system is  t o  be operated i n  t h e  usua l  order  when leaving  

an a i r c r a f t  a t  high a l t i t u d e ,  i . e . ,  immediately following e j e c t i o n ,  f i r s t  of 

a l l  t h e  opening of t h e  parachute  w i l l  produce a powerful dynamic shock; 

secondly, considerable  t i m e  is required f o r  subsequent descent  t o  a s a f e  

a l t i t u d e .  A s  w e  know, however, a prolonged s t a y  under h igh-a l t i tude  condi t ions  

involves  t h e  danger of developing oxygen i n s u f f i c i e n c y  i n  human beings,  as 

w e l l  as t h e  e f f e c t s  of high r a r e f a c t i o n ,  low temperature,  and o t h e r  unfavorable 

f a c t o r s .  T o  speed up descent  from high a l t i t u d e s  and reduce t h e  f o r c e s  of 
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Figure 50. E j e c t i o n  wi th  rocket  booster .  

dynamic.shock, t h e  opening 

of t h e  main.chute  i s  

delayed u n t i l  an a l t i t u d e -

of 5,000-3,000 m i s  reached 

(Figure 51). On reaching t h i s  

a l t i t u d e  ,‘t h e  seat a l s o  

s e p a r a t e s .  During t h e  descent ,  

t h e  p i l o t  receives h i s  oxygen 

supply from a parachute  device.  

E j e c t i o n  Tra in ing  

Ground t r a i n i n g  con

s i d e r a b l y  f a c i l i t a t e s  success

f u l  e j e c t i o n  i n  f l i g h t .  The 

purpose i s  not  only t o  teach  

t h e  p i l o t  how t o  assume t h e  c o r r e c t  pos ture  and perform t h e  e j e c t i o n  h imsel f ,  

b u t  a l s o  t o  acquaint  him w i t h  t h e  a c t i o n  of a c c e l e r a t i o n  on t h e  organism and 

t o  r e l y  on t h i s  method of leav ing  an  a i rcraf t .  

/205 

Training e j e c t i o n  i s  performed on NKTL-3 t r a i n e r s  (Figure 52) a t  over

loads of 8-12 g. This  provides p o s i t i v e  r e s u l t s  w i t h  c o r r e c t  o rganiza t ion  of 

/206t h e  phys ica l  p repara t ion  of t h e  s u b j e c t s ,  t h e i r  observa t ion  of t h e  work and 

rest regime, f a m i l i a r i t y  with t h e  t r a i n e r  device and how t o  opera te  i t ,  be

coming familiar w i t h  t h e  order  of a c t i o n s  t o  b e  c a r r i e d  out  f o r  e j e c t i o n ,  as 

w e l l  as c o r r e c t  o rganiza t ion  of t r a i n i n g ,  and complete understanding of t h e  

s u b j e c t s  of t h e  e f f e c t  of t h e  e j e c t i o n  process  on t h e  organism. 

Ground t r a i n i n g  is  c a r r i e d  out  wi th  observa t ion  of a l l  r u l e s  f o r  ensuring 

t h e  s a f e t y  of e j e c t i o n .  Spec ia l  a t t e n t i o n  must b e  paid t o  see t h a t  t h e  s u b j e c t s  

adopt t h e  es tab l i shed  o r i g i n a l  p o s i t i o n  and put  on t h e i r  s a f e t y  b e l t s  c o r r e c t l y .  

I n  a d d i t i o n  t o  t h e  NKTL-3, t h e r e  i s  another type of t r a i n e r  which uses  

the system devised by t h e  engineer Borshchevskiy. This t r a i n e r  i s  a u n i v e r s a l  
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3.Braking chute 
au tomat ica l ly  d e  

2. Seat  e jected;  s t a b i l i z i n g  

Cabin canopy j e t t i s o n e d  

5 - 	Deployment of 
main chute  a t  
a l t i t u d e  of  5-3 

l i z e d  descent  
braking chute  

km 
6. Main chute  f i l l  

Seat s e p a r a t e s  

Figure 51. Diagram of e j e c t i o n  and landing by parachute ( leav ing  a i r c r a f t  
a t  a l t i t u d e  above 5000 m). 

type and makes i t  p o s s i b l e  to teach upward and downward e j e c t i o n .  It makes 

i t  p o s s i b l e  t o  work on t h e  fol lowing elements: assumption of t h e  c o r r e c t  

posture ,  t h e  a c t i o n s  required f o r  car ry ing  o u t  e j e c t i o n ,  f a l l i n g  together  wi th  

t h e  s e a t ,  s e p a r a t i o n  from t h e  s e a t ,  t h e  technique f o r  opening the  parachute,  

descending wi th  i t ,  t u r n s  with t h e  a i d  of t h e  shroud system, and landing (on 

land o r  water ) .  

E f f e c t  of Accelerat ions i n  a Parachute Jump 

A s  w e  know, t h e  parachute  was invented i n  Russia i n  1911. The i n v e n t o r ' s  

name was G. Y e .  Kotel 'nikov. The des ign  p r i n c i p l e s  of Kotel 'nikov's parachute  

are used i n  modern parachutes  employed by t h e  a i r  f o r c e s  of a l l  count r ies .  

The f a l l  of t h e  p a r a c h u t i s t ,  l i k e  t h a t  of any body, takes  p lace  under t h e  

a c t i o n  of t h e  f o r c e  of g r a v i t y  of t h e  Earth,  which imparts  an a c c e l e r a t i o n  of 
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Figure 52. E j e c t i o n  device f o r  use on t h e  ground. 

9.81 m / s e c 2  t o  it. A t  t h e  same t i m e ,  the  f o r c e  of t h e  a i r  r e s i s t a n c e  a l s o  

acts on it; t h i s  i s  c a l l e d  aerodynamic r e s i s t a n c e .  This  f o r c e  acts i n  t h e  

d i r e c t i o n  opposi te  t o  a c c e l e r a t i o n .  

The magnitude of t h e  aerodynamic r e s i s t a n c e  of any body depends on t h e  

d e n s i t y  of t h e  a i r ,  t h e  rate of f a l l ,  t h e  s i z e ,  shape, and n a t u r e  of t h e  

s u r f a c e  of t h e  body. When t h e  speed of f a l l  i n c r e a s e s  by a f a c t o r  of 2, t h e  

r e s i s t a n c e  increases  by a f a c t o r  of 4 .  For t h e  p a r a c h u t i s t ,  t h e  a i r  r e s i s t a n c e  

is a p o s i t i v e  f a c t o r :  t h e  g r e a t e r  i t  is ,  t h e  slower t h e  rate of descent ,  i .e . ,  1207 
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TABLE 22. 

C h a r a c t e r i s t i c s  of 
f r e e  f a l l  

-- . .  

Maximum (constant)  
I

v e l o c i t y ,  
m / s e c  ............ 50 53 59 66 73 81 90 102 115 132 150 

Time  t o  reach i t ,  
seconds .......... I 12 12.5 14 15 16.5 18 19.5 21 23 25.5 28 

t h e  b e t t e r  t h e  parachute  can perform i t s  task.  I n  t h e  course of f r e e  f a l l ,  

t h e  f o r c e  of aerodynamic r e s i s t a n c e  on t h e  parachute increases  due t o  t h e  

f a c t  t h a t  a i r  d e n s i t y  increases  wi th  decreasing a l t i t u d e .  Since t h i s  f o r c e  

is d i r e c t e d  oppos i te  t o  t h e  movement of t h e  p a r a c h u t i s t ,  h i s  a c c e l e r a t i o n  

begins  t o  decrease a t  a c e r t a i n  moment. However; when t h e  force  of aerodynamic 

r e s i s t a n c e  and t h e  force  of g r a v i t y  become equal,  a c c e l e r a t i o n  ceases  and t h e  

p a r a c h u t i s t  begins  t o  f a l l  a t  a cons tan t  rate.  This ra te  is  c a l l e d  t h e  

maximum speed of f r e e  f a l l  and i n c r e a s e s  w i t h  a l t i t u d e  (Table 22) .  

Because i t  has  a l a r g e  s u r f a c e  area (50-60 m 2) and a dome shape, t h e  

parachute  develops considerable  aerodynamic r e s i s t a n c e .  Therefore,  when i t  

opens the  speed of f a l l  of t h e  parachute decreases  sharp ly ,  t o  about 6 m / s e c .  

A t  t h i s  t i m e ,  t h e  p a r a c h u t i s t  a l s o  f e e l s  a dynamic shock. A negat ive l i n e a r  

a c c e l e r a t i o n  develops which acts f o r  about 0.1-1 sec. The overload acts i n  a 

d i r e c t i o n  which i s  favorable  t o  t h e  organism, from t h e  head t o  t h e  legs .  The 

f o r c e  of t h e  dynamic shock w i l l  i n c r e a s e  a s  t h e  ra te  of f a l l  of t h e  parachute  

increases  and with increas ing  area of t h e  parachute  as w e l l  as wi th  an in

creas ing  rate of complete opening. The magnitude of t h e  a c c e l e r a t i o n  (overload) 

may d i f f e r .  A t  h igh a l t i t u d e s ,  t h e  dynamic shock w i l l  be  much more severe  than 

a t  low a l t i t u d e s .  This i s  explained by t h e  f a c t  t h a t  i t s  f o r c e  depends on t h e  /208 
a c t u a l  v e l o c i t y  of t h e  p a r a c h u t i s t  and i s  almost independent of t h e  a i r  

dens i ty .  I f  t h e  parachute opens a t  an a l t i t u d e  of 1,000 m a f t e r  f a l l i n g  f o r  
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15 sec, t h e  a c c e l e r a t i o n  reaches approximately 6 g, w h i l e  a t  11,000 m i t  is 

18 g. In  experimental  jumps, f o r e i g n  i n v e s t i g a t o r s  have repor ted  an accelera

t i o n  as high as 21 g. 

An a c c e l e r a t i o n  of 8 g i s  t h e  maximum permiss ib le  va lue  f o r  opening of 

t h e  parachute.  

The a c c e l e r a t i o n  and f o r c e  of dynamic shock may reach  very  high va lues  i f  

t h e  p i l o t  opens h i s  parachute  immediately after leaving  t h e  a i rcraf t .  Thus, 

f o r  example, i f  t h e  p i l o t  leaves t h e  aircraft  a t  a speed of 400 km/hr (110 

m/sec) and immediately o p e r a t e s  h i s  parachute,  t h e  n e g a t i v e  l i n e a r  a c c e l e r a t i o n  

w i l l  b e  equal  t o  10.4 g. The overload developed a t  such a c c e l e r a t i o n s  is 

dangerous, s i n c e  i n  t h e  f i r s t  p l a c e  t h e  parachute  may tear, and i n  t h e  second 

p lace ,  t h e  p i l o t  may perhaps be in jured .  Therefore,  after l e a v i n g  t h e  air

craft, i t  is  recommended t o  w a i t  a few seconds ( i f  t h e r e  i s  enough a l t i t u d e )  

b e f o r e  e s t a b l i s h i n g  a cons tan t  speed of fall ,  only then opening t h e  parachute.  

S tudies  and p r a c t i c a l  experience have shown t h a t  t h e  overloads t h a t  are 

developed during dynamic shock and are n o t  i n  excess of t h e  l i m i t i n g  va lue  

u s u a l l y  do n o t  cause s i g n i f i c a n t  changes i n  t h e  organism. According t o  

A m e r i c a n  d a t a ,  t h e  overload wi th  a dynamic shock must not  exceed 20 g with 

an a c t i n g  t i m e  of 0.1 sec. The d u r a t i o n  of t h e  descent  by parachute  depends 

pr imar i ly  on t h e  a l t i t u d e s  a t  which the parachute  opens. Thus, f o r  example, 

f r o m  an a l t i t u d e  of 4-5 km t h e  descent  lasts 13-15 min., while  from a n  

a l t i t u d e  of 7-8 km i t  las ts  23-25 min. 

The speed of landing  is increased  when t h e r e  is  a wind, s i n c e  the para

c h u t i s t  tends t o  d r i f t .  Therefore ,  i n s t r u c t i o n  jumps wi th  a parachute  should 

be c a r r i e d  o u t  i n  summer a t  a wind speed of no more than 6 m / s e c ,  and i n  

win ter  a t  no more than 7 m / s e c .  

A t  t h e  present  t i m e ,  considerable  a t t e n t i o n  i s  being devoted t o  t h e  

s tudy  of t h e  p o s s i b i l i t y  of rescuing p i l o t s  who leave an  a i r c r a f t  a t  a l t i t u d e s  

of 100-200 km. We know t h a t  when f a l l i n g  from such a l t i t u d e s  t h e r e  i s  a 
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sharp  i n c r e a s e  i n  t h e  cons tan t  (maximum) v e l o c i t y  of t h e  p a r a c h u t i s t ,  which 

is explained by t h e  very  low a i r  densi ty .  Thus, f o r  example, when f a l l i n g  fro" 

an a l t i t u d e  of 25 km, t h i s  speed does not  exceed 200 m / s e c ,  whi le  from an 

a l t i t u d e  of 100 km i t  may reach 1,000 m / s e c .  I n  t h e  l a t t e r  case, t h e  p i l o t  

w i l l  no t  feel  any s i g n i f i c a n t  a i r  r e s i s t a n c e  f o r  about 70 sec. However, when 

he e n t e r s  t h e  dense l a y e r s  of t h e  atmosphere a t  a high speed, he w i l l  f e e l  a 

sharp braking and, consequently,  t h e  overloads w i l l  increase .  Then t h e  weight 

of t h e  body w i l l  equal  t h e  r e s i s t a n c e  of t h e  a i r  and t h e  overload w i l l  become 

equal  t o  uni ty .  During t h e  f a l l ,  t h e  p i l o t ' s  c l o t h i n g  may be considerably 

heated by f r i c t i o n  a g a i n s t  t h e  a i r .  It is  considered t h a t  t h e  temperature of 

t h e  c l o t h i n g  may reach 300-500°C i n  t h e  case of a f a l l  from an a l t i t u d e  of 

100 km. Natura l ly ,  s p e c i a l  c l o t h i n g  i s  required t o  p r o t e c t  t h e  p i l o t  aga ins t  

the  e f f e c t s  of high temperature. 

The rate of descent  w i t h  an open parachute may be 4 t o  1 0  m / s e c ;  when i t  

i s  completely c a l m ,  t h i s  va lue  i s  equal  t o  6 m / s e c  (an i n d i v i d u a l  who has 

jumped from an a l t i t u d e  of 1-1/2 m f a l l s  a t  t h e  s a m e  r a t e ) .  

A t  t h e  moment of landing,  a negat ive abrupt  l i n e a r  a c c e l e r a t i o n  w i l l  act 

on t h e  parachut i s t :  a t  a rate of descent  equal  t o  6 m / s e c ,  t h i s  would b e  

approximately equal  t o  1.8 g, and a t  a r a t e  of descent  of 10 m / s e c  i t  would 

be 5 g. The p r i n c i p a l  load i s  then imposed on t h e  s o l e s  of t h e  f e e t .  I n  order  

t o  s o f t e n  ("absorbll) t h e  shock and avoid i n j u r y ,  i t  is recommended t h a t  t h e  

l e g s  be bent  s l i g h t l y  a t  t h e  knees and a posture  be adopted such t h a t  t h e  

f e e t  are a t  the  s a m e  l e v e l .  

The causes of t h e  i n j u r i e s  t h a t  sometimes happen t o  p a r a c h u t i s t s  are most 

o f t e n  some v i o l a t i o n  of t h e  r u l e s  f o r  landing and complexity of landing con

d i t i o n s  ( s t rong  wind, uneven t e r r a i n ) .  As w e  know from American d a t a ,  when 

jumping from an a l t i t u d e  of 10 m and landing on c o r r e c t l y  placed (half-bent) 

l e g s  t h e  s o l e s  of t h e  f e e t  w e r e  subjected t o  a n  overload of 250 g,  i n  which 

no i n j u r y  t o  t h e  j o i n t s  of t h e  s h i n s  and f e e t  w a s  observed. However, i f  t h e  

landing w e r e  made w i t h  t h e  l e g s  extended, a n  overload of 65 g w a s  t h e  l i m i t i n g  

value.  Thus, a l i n e a r  n e g a t i v e  a c c e l e r a t i o n  of an  abrupt  n a t u r e  which develops 
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a t  the  moment the  parachute  opens and during landing w i l l  no t  cause se r ious  

func t iona l  changes i n  the  organism. One of the  pronounced (and, indeed, most /210 

important)  r eac t ions  of t he  organism t o  a parachute  jump is  t h e  neuro-emotional 

stress, which gradual ly  decreases  i n  the  course of t r a i n i n g .  

Catapul t ing an Airc-raft-f-rom t h e  Deck- o f  a Ship 

When an a i r c r a f t  is launched from a ca t apu l t ,  t h e  p i l o t  is  subjec ted  t o  

a p o s i t i v e  l i n e a r  t r ansve r se  acce le ra t ion .  This  a c c e l e r a t i o n  i s  most favorable  

i n  terms of i ts a c t i o n  on the  human organism. The f o r c e s  of i n e r t i a  i n  this 

case w i l l  p r e s s  the  p i l o t  a g a i n s t  t h e  back of t h e  seat. 

Modern c a t a p u l t s  intended f o r  launching a i r c r a f t  from t h e  deck of a s h i p  

are 12-30 m long,  and have an e j e c t i o n  speed from 105-160' km/hr, and ca t apu l t ing  

du ra t ion  of 0.8 t o  1.5 sec. Accelera t ion  under t h e s e  condi t ions  w i l l  no t  

exceed 7 g. 

The a c c e l e r a t i o n  on launching from a c a t a p u l t  may be determined by the  

f a m i l i a r  formula 

where v Zs t h e  speed of e j e c t i o n  (catapul t ing) . ;
C 

S is t h e  length  of the ca t apu l t .  

L e t  u s  consider ,  f o r  example, t h e  a c c e l e r a t i o n  and t h e  f o r c e  a c t i n g  on 

the  p i l o t  i f  vc = 160 km/hr = 44 m / s e c ,  S = 30 m, and the  weight of t h e  p i l o t  

P = 70 kg. For these  condi t ions:  
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However, under t h e s e  condi t ions,  i f  w e  reduce t h e  l e n g t h  of t h e  c a t a p u l t  

t o  20 m a n  a c c e l e r a t i o n  a = 4.8 g, a f o r c e  F = 336 kg w i l l  ac t  on t h e  p i l o t .  

Hence, a c c e l e r a t i o n  w i l l  depend on t h e  speed of c a t a p u l t i n g  t h e  a i r c r a f t  and 

t h e  length  of  t h e  ca tapul t :  as t h e  e j e c t i o n  speed increases  o r  t h e  length  of 

t h e  c a t a p u l t  decreases ,  t h e  a c c e l e r a t i o n  w i l l  increase.  

Thus, when c a t a p u l t i n g  a n  a i r c r a f t  from t h e  deck of a s h i p ,  t h e  p i l o t  i s  

subjected t o  t h e  a c t i o n  of a comparatively s m a l l ,  s h o r t  a c c e l e r a t i o n ,  which 

acts i n  t h e  back-chest d i r e c t i o n .  Accelerat ion of th is  kind w i l l  n o t  cause 

any type of problem f o r  t h e  organism. 

E f f e c t. .  of Accele-rratio-n During a Crash Landing I211 

I n  a c rash  landing,  e s p e c i a l l y  w i t h  t h e  landing gear r e t r a c t e d ,  t h e  

length  of travel of t h e  a i r c r a f t  on t h e  runway i s  considerably shortened due 

t o  t h e  considerable  braking e f f e c t ,  so  t h a t  v e l o c i t y  i s  s h a r p l y  reduced 

(sometimes i n  t e n t h s  of a second). I n  t h i s  case,  t h e  p i l o t  w i l l  b e  exposed 

t o  t h e  a c t i o n  of a negat ive l i n e a r  t r a n s v e r s e  a c c e l e r a t i o n  which very f re 

quent ly  w i l l  r each  s e v e r a l  t e n s  of  g. 

The magnitude of a c c e l e r a t i o n  i n  a crash landing of a n  a i r c r a f t  may b e  

ca lcu la ted  by t h e  formula 

LJZa=--
2sg ’ 

where v i s  t h e  landing speed of the  a i r c r a f t ,  S i s  the  l e n g t h  of t h e  a i r c r a f t  

pa th  (braking pa th) ,  and g is t h e  a c c e l e r a t i o n  due t o  t h e  f o r c e  of grav i ty .  

W e  w i l l  assume t h a t  an  a i r c r a f t  which has  v = 150 km/hr = 4 1  m/sec has  

t r a v e l l e d  S = 15 m whi le  making a b e l l y  landing. Then t h e  following accelera

t i o n  w i l l  act  on t h e  p i l o t :  
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A t  t h e  s a m e  landing speed, bu t  wi th  S = 1 0  m, a c c e l e r a t i o n  i n c r e a s e s  t o  8.4 g, 

whi le  a t  S = 5 m i t  w i l l  b e  equal  t o  16.8 g, and a t  S = 3 m - 28 g. However, 

i f  t h e  a i r c r a f t  s t r i k e s  a n  o b j e c t  a t  a speed of 150 km/hr and its path l e n g t h  

becomes p r a c t i c a l l y  zero,  t h e  t r a n s v e r s e  a c c e l e r a t i o n  reaches 84 g. A c r a s h  

a t  400 km/hr means t h a t  i t  w i l l  exceed 600 g. 

I n v e s t i g a t i o n s  show t h a t  t ransverse  nega t ive  a c c e l e r a t i o n  (back-chest) 

w i t h  a magnitude of 5 g and a c t i n g  f o r  7-10 min, o r  a magnitude of 8 g a c t i n g  

f o r  2 min, w i l l  b e  withstood by s u b j e c t s  without  any kind of n o t i c e a b l e  changes 

i n  t h e  condi t ion  of the  organism. The same t h i n g  is observed a t  an  accelera

t i o n  of 12 g i f  t h e  t runk and head a r e  w e l l  f ixed .  Aviat ion medicine has  

found t h a t  man can a l s o  withstand t ransverse  a e c e l e r a t i o n s  of  h igher  magnitudes. 

Thus, f o r  example, w e  know t h a t  i n  a s i t t i n g  p o s i t i o n  he can withstand 

a c c e l e r a t i o n s  up t o  15 g f o r  several seconds ( i n  a r e c l i n i n g  p o s i t i o n ,  up 

t o  1 7  g) . According t o  fore ign  d a t a ,  t r a n s v e r s e  a c c e l e r a t i o n  (chest-back and 

back-chest) , gradual ly  increased t o  39 g, w a s  withstood completely s a t i s f a c 

t o r i l y  by t h e  end of t h e  19th  second. 1212 

Thus, i n  t h e  event of a c r a s h  landing, t h e  t r a n s v e r s e  a c c e l e r a t i o n  

reaching 40-45 g is  p r a c t i c a l l y  harmless f o r  t h e  p i l o t ,  i f  t h e  clamps of t h e  

b e l t  system are properly t ightened and f ixed  f o r  t h e  landing. 

Comparatively high r e s i s t a n c e  of  t h e  human organism t o  t h e  e f f e c t  of 

t ransverse  a c c e l e r a t i o n  i s  explained by t h e  f a c t  t h a t  i t  is d i r e c t e d  a t  

r i g h t  angles t o  t h e  l a r g e  blood vessels, and t h e r e f o r e  has a very  i n s i g n i f i c a n t  

e f f e c t  i n s o f a r  as causing changes i n  the  c i r c u l a t o r y  system is concerned, which 

do not  have a s i g n i f i c a n t  e f f e c t  on t h e  a c t i v i t y  of t h e  c e n t r a l  nervous system 

and o t h e r  v i t a l l y  important organs. 

I n  c rash  landings,  t h e r e  may b e  i n j u r y  t o  t h e  head on some occasions as 

a r e s u l t  of s t r i k i n g  the  instrument panel  o r  o t h e r  p r o j e c t i n g  p a r t s  of  t h e  

cabin. An i n c o r r e c t  pos ture  on t h e  p a r t  of t h e  p i l o t  ( e s p e c i a l l y  bending t h e  

t runk forward) promotes i n j u r y  of t h e  s p i n e  (Figure 5 3 ) .  



Prevent ion of i n j u r y  t o  t h e  

head and sp ine  during c r a s h  

landings involves  c o r r e c t  use 

of s a f e t y  b e l t s ,  improved de

s i g n  of t h e  system of b e l t s  and 

t h e  seat, t h e  need t o  use a pro

t e c t i v e  helmet w i t h  shock-

absorbing devices  i n  t h e  r e g i o n  

of t h e  forehead, padding t h e  

edges and p r o j e c t i n g  p a r t s  of 

t h e  cabin  wi th  s o f t  shock ab

sorbing material, as w e l l  as 

arrangement of t h e  instruments  
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Figure 53. Schematic diagram of s p i n a l  
f r a c t u r e  w i t h  "back-ches t" overload. s o  t h a t  they do not  p r o j e c t  from 

t h e  instrument panel.  

Radial  Accelerat ions 

I n  f l i g h t  p r a c t i c e ,  r a d i a l  a c c e l e r a t i o n s ,  i .e . ,  a c c e l e r a t i o n s  t h a t  

develop during c u r v i l i n e a r  movement of an  a i r c r a f t ,  are encountered much more 

f requent ly  than l i n e a r  ones. 

I n  t h e  course of f l i g h t ,  a p i l o t  who is  performing a maneuver i n  an  

a i r c r a f t  changes t h e  speed and d i r e c t i o n  of movement. Performance of maneuvers 

i s  accompanied by t h e  development of so-called r a d i a l  o r  c e n t r i p e t a l  accelera

t i o n .  I n  modern a v i a t i o n ,  the  magnitude of r a d i a l  a c c e l e r a t i o n  may reach 8 g 

wi th  an a c t i v e  d u r a t i o n  of up t o  s e v e r a l  seconds and a rise t i m e  from 0.5 t o  

4 g/sec.  

I f  w e  know t h e  r a d i u s  of t h e  t r a j e c t o r y  r along which t h e  a i r c r a f t  i s  

moving and t h e  l i n e a r  v e l o c i t y  of t h e  a i r c r a f t  v, t h e  r a d i a l  a c c e l e r a t i o n  may 

b e  ca lcu la ted  according t o  t h e  formula 
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W e  can see from t h i s  formula t h a t  t h e  a c c e l e r a t i o n  i s  d i r e c t l y  propor

t i o n a l  t o  t h e  square of  t h e  v e l o c i t y ,  and i n v e r s e l y  propor t iona l  t o  t h e  r a d i u s  

of t h e  a i r c r a f t  t r a j e c t o r y .  

While performing s t u n t s ,  t h e  f o r c e  which causes t h e  a c c e l e r a t i o n  and 

t h e  r a d i a l  a c c e l e r a t i o n  i t s e l f  are d i r e c t e d  toward t h e  c e n t e r  of curvature .  

The c e n t r i f u g a l  forces  then p r e s s  t h e  p i l o t  a g a i n s t  t h e  seat of h i s  c h a i r .  A s  

an example of r a d i a l  a c c e l e r a t i o n  of an  a i r c r a f t ,  w e  can use t h e  a c c e l e r a t i o n  

t h a t  develops i n  a turn .  L e t  u s  assume t h a t  t h e  speed of t h e  a i r c r a f t  i n  t h e  

t u r n  v = 720 km/hr = 200 m/sec and t h e  r a d i u s  of t h e  t u r n  r = 1200 m. Then 

t h e  r a d i a l  a c c e l e r a t i o n  w i l l  be  

a = ____--3.33 g.2o02 
10 * 1200 

I f  t h e  rad ius  of curvature  is less, t h e  r a d i a l  a c c e l e r a t i o n  w i l l  increase .  

Thus, a t  r = 600 m and t h e  same f l i g h t  speed (200 m/sec) i t  w i l l  be  equal t o  

6.66 g. Accelerat ion a l s o  increases  a s  t h e  f l i g h t  speed i n c r e a s e s .  I n  an  

a i r c r a f t  f l y i n g  a t  a speed of v = 1080 km/hr = 300 m/sec, a t  t h e  same r a d i u s  

of t h e  t u r n  (1200 m) t h e  r a d i a l  a c c e l e r a t i o n  w i l l  b e  equal  t o  7.5 g. 
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The maximum r a d i a l  a c c e l e r a t i o n  is achieved when p u l l i n g  t h e  a i r c r a f t  o u t  

of a d i v e  (Figure 5 4 ) .  A d i v e  occurs  when t h e  a i r c r a f t  descends a t  angles  from 

30 t o  90". 

Radial  a c c e l e r a t i o n ,  l i k e  l i n e a r  a c c e l e r a t i o n ,  may act  i n  t h e  d i r e c t i o n  

from t h e  f e e t  t o  t h e  head, from t h e  head t o  t h e  f e e t ,  from t h e  back t o  t h e  /215 

ches t ,  from t h e  ches t  t o  t h e  back, from t h e  r i g h t  t o  t h e  l e f t ,  from t h e  l e f t  

t o  t h e  r i g h t .  I n  p r a c t i c e ,  one most f requent ly  encounters r a d i a l  a c c e l e r a t i o n  

which acts i n  t h e  feet-head d i r e c t i o n .  

I n  performing maneuvers upside-down, as w e l l  as when p u t t i n g  a n  a i r c r a f t  

i n t o  a d i v e  from s t r a i g h t - l i n e  f l i g h t ,  r a d i a l  a c c e l e r a t i o n  a c t s  from t h e  head 

t o  t h e  f e e t .  I n  t h i s  case, t h e  p i l o t  i s  pul led  o u t  of h i s  c h a i r .  This 
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Direc t ion  of 
overload 

$54, 


*<k'I 

T i m e ,  s e c .  

Figure 54. Change i n  overload during a 
d ive .  

w i l l  a c t  on a p i l o t  weighing P = 70 kg. 

phenomenon is  used by p i l o t s  

f o r  emergency exit  from t h e  

a i r c r a f t .  Having made t h e  

dec is ion  t o  leave t h e  a i r c r a f t ,  

t h e  p i l o t  t i g h t e n s  t h e  s a f e t y  

b e l t s  and, pushing t h e  c o n t r o l  

wheel sharp ly  away from him, 

p u t s  t h e  a i r c r a f t  i n t o  a dive;  

t h e  c e n t r i f u g a l  f o r c e  which i s  

produced by t h i s  a c t i o n  pushes 

him o u t  of t h e  cabin.  

It w e  know t h e  accelera

t i o n ,  it is  easy t o  determine t h e  

c e n t r i f u g a l  f o r c e  by t h e  f a m i l i a r  

formula F = m a .  Thus, f o r  
C 

example , i f  t h e  a c c e l e r a t i o n  

a = 7 g,  when p u l l i n g  o u t  of a 

dive,  a c e n t r i f u g a l  f o r c e  

Fc -7' - 7g=70.7=490 kgf 

I n  addi t ion ,  h i s  own weight a c t s  on t h e  p i l o t .  A s  a r e s u l t ,  he i s  under 

t h e  inf luence  of a f o r c e  equal t o  560 kg. 

The d i r e c t i o n  of the c e n t r i f u g a l  f o r c e  is always oppos i te  t o  t h e  direc

t i o n  of r a d i a l  acce le ra t ion .  

Influence- of Radial  Accelerat ions 

on t h e  Human Orpanism 

The n a t u r e  of d i s r u p t i o n s  i n  the  organism which arise under t h e  inf luence  

of r a d i a l  a c c e l e r a t i o n  depends on its d i r e c t i o n ,  magnitude, r ise t i m e ,  and 
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dura t ion  of ac t ion .  With increased a c c e l e r a t i o n ,  t h e  p i l o t ' s  body and 

i n d i v i d u a l  p a r t s  o f  it "grow heavy". It becomes more d i f f i c u l t  t o  c a r r y  o u t  

movements, t h e i r  coordinat ion is  d is turbed ,  t h e r e  is  a d e t e r i o r a t i o n  of 

accurate opera t ion  of c o n t r o l  devices ,  and i n  t h e  f i n a l  a n a l y s i s  t h e  q u a l i t y  of 

t h e  p i l o t a g e  decreases .  

With a r a d i a l  a c c e l e r a t i o n  of 2 g ,  t h e  p i l o t  u s u a l l y  f e e l s  himself 

pressed a g a i n s t  t h e  seat. A t  an  a c c e l e r a t i o n  of 3 g, h e  experiences  a s l i g h t  

d i f f i c u l t y  i n  movement of h i s  hands and f e e t .  I t  is n e a r l y  impossible  t o  

leave  t h e  a i r c r a f t  cabin under such a c c e l e r a t i o n s  wi thout  using e j e c t i o n .  A t  

a c c e l e r a t i o n s  of 3.5-4.5 g, the  sensa t ion  of heaviness  i n  t h e  e n t i r e  body and I 2 1 6  

i n  the  extremities becomes s t i l l  more not iceable .  I n  order  t o  hold t h e  body 

s t r a i g h t ,  i t  i s  necessary t o  expend considerable  force .  Under t h e  prolonged 

inf luence  of such a r a d i a l  a c c e l e r a t i o n ,  t h e r e  is o f t e n  a d i s r u p t i o n  of 

v i s i o n  - a grey ve i l  appears before  t h e  eyes. A t  a n  a c c e l e r a t i o n  of 4.5-5 g, 

t h e  p i l o t  is under such high stress t h a t  he can only c a r r y  o u t  s l i g h t  movements 

wi th  h i s  hands and f e e t  and h i s  v i s i o n  i s  d is rupted  s t i l l  f u r t h e r .  A t  accelera

t i o n s  of 5-5.5 g, i t  becomes extremely d i f f i c u l t  t o  make movements and a black 

ve i l  appears b e f o r e  t h e  eyes; t h e r e  is a d i s r u p t i o n  of t h e  rhythm and depth of 

r e s p i r a t i o n ,  and t h e  pulse  speeds up. A t  an  a c c e l e r a t i o n  of 6 g, t h e r e  may b e  

a sudden l o s s  of  consciousness. A f t e r  t h e  a c t i o n  of t h e  a c c e l e r a t i o n  ceases, 

consciousness r e t u r n s  r a p i d l y ,  b u t  i t s  c l a r i t y  remains d is rupted  f o r  a s h o r t  

per iod of  t i m e .  

A c h a r a c t e r i s t i c  change under t h e  inf luence  of r a d i a l  a c c e l e r a t i o n  i s  

d i s r u p t i o n  of t h e  c e r e b r a l  c o r t e x  func t ion  due t o  d is turbance  of t h e  blood 

supply t o  t h e  bra in .  

Radial  a c c e l e r a t i o n  acts on a sea ted  p i l o t  i n  t h e  feet-head d i r e c t i o n ,  

coinciding wi th  t h e  d i r e c t i o n  of the  l a r g e  blood vessels; t h e  blood moves i n  

t h e  d i r e c t i o n  of a c t i o n  of the  overload. A s  a r e s u l t ,  i t  o v e r f i l l s  t h e  

v e s s e l s  of the  lower e x t r e m i t i e s  and t h e  abdominal cav i ty .  It has  been found 

t h a t  114 or  more of a l l  t h e  blood i n  the  organism may b e  concentrated here .  
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It has been es tab l i shed  experimental ly  using animals t h a t  t h e  blood 

pressure  i n  t h e  vessels of t h e  head decreases  on t h e  average by 20-30 mm Hg 

f o r  each u n i t  of acce lera t ion .  This  pressure  drop, caused by t h e  i n e r t i a  of 

t h e  blood, begins  about 0.5 sec a f t e r  t h e  beginning of t h e  a c c e l e r a t i o n .  The 

drop i n  pressure  and t h e  reduced amount of blood f i l l i n g  t h e  h e a r t  causes re

f l e x  a c c e l e r a t i o n  of t h e  pulse .  I n  man, a t  an a c c e l e r a t i o n  of 5-5.5 g, t h e  

pulse  rate may increase  t o  120-180 b e a t s  per  minute. 

The movement of t h e  blood i n  t h e  c i r c u l a t o r y  system causes  s t imula t ion  

of a g r e a t  many nerve endings w i t h i n  t h e  w a l l s  of t h e  blood vessels. The 

flow of nerve impulses which r e s u l t s  reaches t h e  c e n t r a l  nervous system and 

sets o f f  a number of r e f l e x  r e a c t i o n s  t h a t  are aimed a t  r e s t o r a t i o n  of blood 

c i r c u l a t i o n .  A t  low a c c e l e r a t i o n s ,  l a s t i n g  a s h o r t  t i m e ,  t h e s e  r e f l e x  re- /217 
a c t i o n s  normalize the  blood c i r c u l a t i o n ,  and no i n j u r i o u s  e f f e c t s  on t h e  

organism r e s u l t .  

A s  the  organism a d j u s t s  t o  t h e  e f f e c t  of a c c e l e r a t i o n ,  a n  important r o l e  

i s  played by t h e  organs of r e s p i r a t i o n ,  whose a c t i v i t y  is very c l o s e l y  

r e l a t e d  t o  t h e  work of t h e  cardiovascular  system. 

Under t h e  inf luence  of a c c e l e r a t i o n ,  together  w i t h  an  i n c r e a s e  i n  card iac  

a c t i v i t y ,  as a r u l e  t h e r e  i s  an i n c r e a s e  i n  pulmonary v e n t i l a t i o n .  A t  low 

a c c e l e r a t i o n s ,  i t  increases  due t o  t h e  depth of r e s p i r a t i o n .  However, i f  

a c c e l e r a t i o n  reaches 4-5 g o r  more, r e s p i r a t i o n  becomes d i f f i c u l t ,  i ts  rhythm 

may b e  d is rupted ,  and t h e  depth increased.  I n  such cases, pulmonary v e n t i l a 

t i o n  i n c r e a s e s  due t o  t h e  a c c e l e r a t i o n  of r e s p i r a t i o n .  When a c c e l e r a t i o n  

reaches s i g n i f i c a n t  va lues  and a c t s  f o r  a longer per iod of t i m e ,  t h e  effec

t i v e n e s s  of compensatory r e a c t i o n s  becomes inadequate. A severe oxygen 

s t a r v a t i o n  of t h e  cells  i n  t h e  c e n t r a l  nervous system develops,  accompanied by 

a r e t a r d a t i o n  of response r e a c t i o n s ,  d i s r u p t i o n  of memory, d i sorganiza t ion  of 

coordinat ion of movements, weakening of msucle s t r e n g t h ,  d i s r u p t i o n  of t h e  

f e e l i n g  of muscular force ,  etc. The most dangerous th ing  is  loss  of  con

sciousness ,  which may b e  preceded by a s h o r t  per iod of confusion. Loss of 
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consciousness may occur a t  a n  a c c e l e r a t i o n  of 5-6 g, a c t i n g  f o r  more than 

3 sec. The f l i g h t  c r e w  must always remember t h a t  consciousness i n  such cases  

begins  t o  r e t u r n  10-15 sec after t h e  end of  a c c e l e r a t i o n .  A f t e r  i t  has  been 

regained,  t h e  i n d i v i d u a l  i s  s t i l l  n o t  i n  a s ta te  t o  o r i e n t  himself and 

c o r r e c t l y  eva lua te  t h e  s i t u a t i o n  f o r  20-30 sec (and sometimes longer ) .  Con

sequently,  f o r  a r a t h e r  long t i m e  t h e  p i l o t  cannot c o n t r o l  t h e  a i r c r a f t ,  and 

t h e  outcome i n  such a s i t u a t i o n  may depend on t h e  f l i g h t  a l t i t u d e  a t  which t h e  

l o s s  of consciousness took place.  

A s  w e  have a l ready  s a i d ,  i t  is p o s s i b l e  i n  f l i g h t  p r a c t i c e  t o  have an 

inf luence  of r a d i a l  a c c e l e r a t i o n  d i r e c t e d  from t h e  head t o  t h e  f e e t  (nega t ive  

overload).  I n  such cases, even a t  an a c c e l e r a t i o n  of 1.5 g, t h e  s e n s a t i o n  of 

flow of blood t o  t h e  head is f e l t .  A t  an  a c c e l e r a t i o n  of 2 g, t h e  v i s i o n  i s  

e a s i l y  clouded, pa in  appears i n  t h e  a r e a  of t h e  eyes,  t h e r e  is a flow of 

tears and sometimes d izz iness .  A t  a c c e l e r a t i o n s  of 2.5-3 g, t h e  s e n s a t i o n  of I218 

blood flow is  even f u r t h e r  increased,  r e s p i r a t i o n  becomes d i f f i c u l t ,  a red 

fog appears before  t h e  eyes, and sometimes t h e r e  i s  hemorrhaging from t h e  

nose. A t  an a c c e l e r a t i o n  of 4 g, a pronounced flow of blood t o  t h e  head is  

f e l t ,  severe pains  occur i n  t h e  e y e l i d s ,  t h e  flow of tears increases ,  a l l  

surrounding o b j e c t s  appear t o  b e  bathed i n  red l i g h t ,  t h e  s k i n  of t h e  f a c e  i s  

red and edematous, numerous l o c a l  hemorrhages appear on t h e  s k i n  of t h e  f a c e  

and t h e  mucous membranes of t h e  eyes,  and, f i n a l l y ,  t h e r e  are sharp pa ins  i n  

the  head, as w e l l  as confusion i n  t h e  mind. A s  i n  t h e  a c c e l e r a t i o n  from f e e t  

t o  head, the  b a s i s  f o r  these  phenomena l i es  i n  t h e  d i s r u p t i o n  of t h e  blood 

c i r c u l a t i o n .  I n  t h i s  case, t h e  blood moves i n t o  t h e  vessels of t h e  upper p a r t  

A s  a r e s u l t ,  the  blood p r e s s u r e  i n  these  vessels be-of t h e  body and bra in .  


comes more s i g n i f i c a n t  as t h e  r a d i a l  a c c e l e r a t i o n  increases .  Negative overloads 


(feet-head) are withstood by t h e  p i l o t  with much more d i f f i c u l t y  than p o s i t i v e  

ones. 

L i m i t  of Tolera t ion  t o  Radial  Accelerat ion 

It is only wi th  high r e s i s t a n c e  t o  the  e f f e c t  of a c c e l e r a t i o n  t h a t  the  

p i l o t  can completely use t h e  m i l i t a r y  c a p a b i l i t i e s  of modern a i r c r a f t .  
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Accelerat ion which does n o t  cause s i g n i f i c a n t  d i s r u p t i o n s  i n  the organism 

o r  which causes i n s i g n i f i c a n t  and t r a n s i t o r y  d i s r u p t i o n s  is considered t o  be 

t o l e r a b l e .  S ince  i t  is p r i m a r i l y  d i s r u p t i o n s  of v i s i o n  t h a t  occur under t h e  

inf luence  o f  a c c e l e r a t i o n ,  a c c e l e r a t i o n  i n  which a gray fog  appears  before  t h e  

p i l o t ' s  eyes  i s  considered t o  b e  t h e  maximum t o l e r a b l e  a c c e l e r a t i o n .  

As a r e s u l t  of s t u d i e s  t h a t  w e r e  conducted wi th  c e n t r i f u g e s  and under 

f l i g h t  condi t ions,  r e l i a b l e  d a t a  have been obtained,  on t h e  b a s i s  of which 

w e  can g e t  some i d e a  of  t h e  magnitude of t o l e r a b l e  r a d i a l  a c c e l e r a t i o n  and 

t h e  f a c t o r s  which a f f e c t  to le rance .  Such f a c t o r s  inc lude  magnitude of accelera

t i o n ,  ra te  of i n c r e a s e ,  d i r e c t i o n  and dura t ion  of ac t ion ,  as w e l l  as i n d i v i d u a l  

c h a r a c t e r i s t i c s  of t h e  organism. 

According t o  the  d a t a  of Sovie t  i n v e s t i g a t o r s  (D. Y e .  Rozenblyum, V. G. 

Mirolybov, P.  K .  Isakov, I. K. Sobennikov, D.  I. Ivanov, I. Y a .  Borshchevskiy, 

V. 	 I. Babushkin, e t  a l . ) ,  a p i l o t  i n  a s i t t i n g  p o s i t i o n  can withstand a r a d i a l  

a c c e l e r a t i o n  wi th  a magnitude up t o  6 g, a c t i n g  from t h e  f e e t  t o  t h e  head, f o r  

1-2 seconds, completely s a t i s f a c t o r i l y ,  without  d i s turbance  of v i s i o n ,  com- /219 

p l e t e l y  r e t a i n i n g  h i s  working a b i l i t y .  I n  f l i g h t ,  properly phys ica l ly  t r a i n e d  

experienced p i l o t s  can withstand s a t i s f a c t o r i l y  a c c e l e r a t i o n s  of 7-8 g,  whi le  

i n  i n d i v i d u a l  cases  t h i s  can go a s  high as 9-9.5 g with a d u r a t i o n  of up t o  1 

second. On cent r i fuges ,  they can completely successfu l ly  withstand accelera

t i o n s  up t o  4 g, sometimes f o r  a s  long a s  3 minutes. But i f  t h e  r a d i a l  

a c c e l e r a t i o n  a c t s  f o r  a longer  per iod of t i m e ,  the  changes i n  t h e  func t ions  of 

t h e  organism w i l l  appear a t  much smal le r  values.  Thus, f o r  example, wi th  an 

a c c e l e r a t i o n  d u r a t i o n  up t o  10 seconds f o r  an  untrained i n d i v i d u a l ,  problems 

with v i s i o n  w i l l  occur a t  3-4 g and v i s i o n  w i l l  b e  completely d is rupted  a t  

4.5 g, wi th  l o s s  of consciousness occurr ing a t  5.5-6 g. 

Tolerance t o  a c c e l e r a t i o n  i s  a l s o  a f f e c t e d  by t h e  s ta te  of t h e  neuro

psychic sphere.  For example, a p i l o t  who i s  f l y i n g  an a i r c r a f t  can withstand 

a c c e l e r a t i o n  b e t t e r  than a p i l o t  who i s  s i t t i n g  a s  a passenger,  s i n c e  t h e  

f i r s t  is i n  a state of readiness  f o r  t h e  a c t i o n  of a c c e l e r a t i o n  and accommo

d a t i o n  r e a c t i o n s  occur more r a p i d l y  and more completely i n  him. 
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The l i m i t s  of t o l e r a b l e  r a d i a l  a c c e l e r a t i o n  f o r  d i f f e r e n t  i n d i v i d u a l s  

may d i f f e r  and depend on  many f a c t o r s .  But f o r  any condi t ions ,  t h e  d u r a t i o n  

of a c c e l e r a t i o n  is of  primary importance: t h e  s h o r t e r  t h e  t i m e  of accelera

t i o n ,  t h e  more e a s i l y  i t  is withstood by t h e  human organism. A s  w e  have 

a l ready  s a i d ,  t h e  human organism can withstand l i n e a r  a c c e l e r a t i o n  up t o  20 g 

f o r  0.1-0.2 seconds without  n o t i c e a b l e  d is turbance  of v i s i o n  o r  func t ion  of 

t h e  c e n t r a l  nervous system. 

Resis tance of t h e  organism t o  r a d i a l  a c c e l e r a t i o n ,  a c t i n g  i n  t h e  d i r e c t i o n  

from t h e  head t o  t h e  fee t ,  i s  much less than t o  a c c e l e r a t i o n  d i r e c t e d  from t h e  

f e e t  t o  the head. This r e s i s t a n c e  a l s o  i n c r e a s e s  s i g n i f i c a n t l y  i f  t h e  accelera

t i o n  acts a t  an angle  which is perpendicular  t o  t h e  l o n g i t u d i n a l  a x i s  of the  

human body. Under the inf luence  of a c c e l e r a t i o n  a t  an angle  of 45%, to le rance  

i n c r e a s e s  by 1 .5  t o  2 g. I n  a r e c l i n i n g  p o s i t i o n ,  a n  i n d i v i d u a l  i n  a c e n t r i 

fuge can withstand r a d i a l  a c c e l e r a t i o n s  of 14-16 g f o r  s e v e r a l  t e n t h s  of a 

second. The s i g n i f i c a n t  i n c r e a s e  i n  t h e  r e s i s t a n c e  of t h e  organism t o  r a d i a l  

a c c e l e r a t i o n  i n  t h e  r e c l i n i n g  p o s i t i o n  i s  explained by t h e  f a c t  t h a t  t h e  l a t te r ,  

a c t i n g  i n  the  chest-back d i r e c t i o n  (back-chest) d i s r u p t s  t h e  blood c i r c u l a t i o n  /220 
and bothers  t h e  i n t e r n a l  organs t o  a lesser degree than i n  t h e  s i t t i n g  posture .  

The r e s i s t a n c e  of t h e  organism t o  a c c e l e r a t i o n  decreases  s i g n i f i c a n t l y  

under condi t ions  of oxygen s t a r v a t i o n ,  during overheat ing of  t h e  organism i n  

f l i g h t  and before  f l i g h t ,  a f t e r  recovery from an i l l n e s s ,  w i t h  over-fat igue,  

following t h e  use of a l c o h o l i c  beverages and considerable  smoking, following 

long i n t e r r u p t i o n s  i n  f l y i n g  p r a c t i c e ,  wi th  neuro-psychic complications,  e t c .  

S tudies  have shown t h a t  under t h e  repeated inf luence  of r a d i a l  accelera

t i o n  t h e r e  sometimes develop cumulative phenomena which take  t h e  form of 

f a t i g u e ,  increased tendency t o  p e r s p i r e ,  s l e e p  d i s o r d e r s ,  d e t e r i o r a t i o n  

of a b i l i t y  t o  withstand subsequent f l i g h t s  a s  a p i l o t  (A. P. Popov, Y e .  A. 

Derevyanko, D. I. Ivanov, e t  al.).  

W e  know t h a t  a c c e l e r a t i o n s  t h a t  develop when p i l o t i n g  a i r c r a f t  a t  super

sonic  v e l o c i t i e s  i n c r e a s e  n o t  only i n  terms of magnitude, b u t  i n  t i m e  of a c t i o n .  
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The human organism, thanks t o  its compensatory r e a c t i o n s ,  can a d j u s t  t o  

acce lera t ion .  However, i t s  a b i l i t y  i n  t h i s  regard is  not  unlimited.  This  

forces  a i r c r a f t  des igners  and s p e c i a l i s t s  i n  a v i a t i o n  medicine t o  f i n d  ways 

of  increas ing  t h e  l i m i t  of  t o l e r a n c e  t o  r a d i a l  a c c e l e r a t i o n .  

~-Measures- Which Increase-Resis tance of 

t h e  0-r-an-ism to-_Radial Accelerat ion 

Among t h e  most e f f e c t i v e  measures involved i n  increas ing  t h e  r e s i s t a n c e  

of t h e  organism t o  t h e  a c t i o n  of r a d i a l  a c c e l e r a t i o n  a r e  t h e  following: obser

va t ion  of t h e  proper regime of work, rest and e a t i n g  and phys ica l  e x e r c i s e s  and 

f l i g h t  t r a i n i n g ,  as w e l l  as t h e  u s e  of a n t i g r a v i t y  devices ,  s e a t s  with 

a d j u s t a b l e  back angle ,  etc.  

-Measures 0-f-a gen-eral nature .  Resistance of t h e  p i l o t ' s  organism t o  

a c c e l e r a t i o n  depends pr imar i ly  on h i s  general  condi t ion.  Therefore,  s t rengthen

ing t h e  general  h e a l t h  condi t ion  of f l i g h t  personnel m u s t  be one of t h e  p r i n c i p a l  

t a s k s  of t h e  commanders and a v i a t i o n  doctors .  

The members of t h e  f l i g h t  crew must always remember t h a t  observat ion of /221 

t h e  c o r r e c t  d a i l y  schedule ,  t h e  regime f o r  work, rest and e a t i n g  promotes an 

i n c r e a s e  i n  t h e  r e s i s t a n c e  t o  t h e  a c t i o n  of r a d i a l  a c c e l e r a t i o n s .  F l i g h t s  

should never b e  made wi th  any i l l n e s s ,  i n  a s t a t e  of neuro-psychic stress, 

over-fat igue o r  a f t e r  i n s u f f i c i e n t  s l e e p ,  excessive smoking, use of a lcohol ,  

sexual  excess,  e t c .  

I n  conjunct ion wi th  t h e  f a c t  t h a t  r e s i s t a n c e  t o  r a d i a l  a c c e l e r a t i o n  d e t e r i 

o r a t e s  under condi t ions  of i n s u f f i c i e n t  oxygen supply t o  t h e  organism, t h e  

oxygen equipment must always be kept  i n  good r e p a i r  and t h e  r u l e s  f o r  p u t t i n g  

on h i g h - a l t i t u d e  equipment must b e  c a r e f u l l y  observed; t h e  cabin must a l s o  

be c a r e f u l l y  checked t o  i n s u r e  t h a t  i t  is  c o r r e c t l y  pressur ized .  
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To avoid overheating of t h e  organism, i t  i s  necessary t o  maintain an 

es tab l i shed  temperature regime i n  t h e  cabin.  Sometimes t h e  s u r f a c e  blood 

v e s s e l s  w i l l  d i l a t e  as a r e s u l t  of overheat ing,  and t h i s  promotes an  increased 

drop i n  blood pressure  under t h e  inf luence  of r a d i a l  a c c e l e r a t i o n .  I n  o r d e r  

n o t  t o  cause a d e t e r i o r a t i o n  of t h e  to le rance  t o  r a d i a l  a c c e l e r a t i o n ,  it is 

a l s o  forbidden t o  c a r r y  o u t  f l i g h t s  on an empty stomach o r  immediately a f t e r  

e a t i n g  a heavy m e a l .  It has  been found t h a t ,  when an e a t i n g  schedule i s  

followed, r e s i s t a n c e  of t h e  organism t o  a c c e l e r a t i o n  i n c r e a s e s  by 1.5-2 g. 

Phys ica l  Preparat ion.  We know t h a t  phys ica l ly  s t r o n g  p i l o t s  ,who 

sys temat ica l ly  take  p a r t  i n  var ious  s p o r t s ,  are more r e s i s t a n t  t o  t h e  e f f e c t s  

of i a d i a l  acce le ra t ion .  Therefore,  t h e  physical  t r a i n i n g  of t h e  f l i g h t  c r e w  

must s t rengthen  t h e  t o t a l  phys ica l  s ta te  and t r a i n  regula tory  mechanisms of 

t h e  c i r c u l a t i o n .  

On t h i s  l e v e l ,  i t  i s  very e f f e c t i v e  t o  have phys ica l  e x e r c i s e s  t h a t  a r e  

designed f o r  t r a i n i n g  t h e  cardiovascular  system and nervous r e g u l a t o r s  of 

blood c i r c u l a t i o n ,  as w e l l  a s  t h e  muscles of t h e  abdominal p r e s s  and lower 

e x t r e m i t i e s .  Therefore,  i n  a d d i t i o n  t o  mild a t h e l t i c s  and s p o r t ,  gymnastics 

should play a p a r t  ( r o t a t i n g  swings, gymnastic r i n g s ,  w a l l  b a r s ,  h o r i z o n t a l  

b a r ) .  It is  a l s o  recommended t h a t  t h e  c r e w  go s k i i n g ,  horseback r i d i n g ,  and 

swimming. 

During a th le t ic  e x e r c i s e  and s p e c i a l  t r a i n i n g ,  a t t e n t i o n  should b e  paid 

t o  c o r r e c t  breathing.  It  i s  very important t o  l e a r n  t o  s h i f t  r e s p i r a t i o n  

from t h e  abdomen t o  t h e  ches t ,  s i n c e  under t h e  inf luence  of a c c e l e r a t i o n  t h e  

muscles of t h e  abdominal p r e s s  are subjected t o  stress and abdominal r e s p i r a 

t i o n  i s  l imi ted .  

Organized phys ica l  e x e r c i s e  must be one of the most important aspec ts  of 

increas ing  r e s i s t a n c e  of t h e  p i l o t  t o  t h e  e f f e c t s  of a c c e l e r a t i o n .  

F l i g h t  Training.  Systematic f l i g h t  t r a i n i n g  i s  t h e  most important f a c t o r  

which increases  t h e  r e s i s t a n c e  of t h e  organism t o  a c c e l e r a t i o n .  It provides 
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extremely va luable  r e s u l t s  i n  the  form of a gradual  i n c r e a s e  of speed and 

complexity of f l i g h t .  I n  t h e  course of f l i g h t ,  n o t  only does t h e  p i l o t  c a r r y  

out  e x e r c i s e s  and l e a r n  about t h e  technique of p i l o t i n g ,  bu t  he a l s o  t r a i n s  

h i s  cardiovascular  system and t h e  neuroref lex  mechanisms which r e g u l a t e  blood 

pressure.  

I n  t h e  course of f l i g h t  t r a i n i n g ,  t h e  p i l o t  becomes accustomed t o  t h e  

e f f e c t s  of a c c e l e r a t i o n ,  acqui res  t h e  a b i l i t y  t o  eva lua te  c o r r e c t l y  h i s  state 

during a c c e l e r a t i o n  and t o  relate calmly t o  t h i s  e f f e c t .  I n  addi t ion ,  t h e  

p i l o t  develops conditioned r e f l e x e s ,  so  t h a t  even before  a c c e l e r a t i o n  develops 

compensatory mechanisms begin opera t ing  i n  the  organism which are a b l e  t o  

improve the  to le rance  t o  acce lera t ion .  

-~AntigLa-vig Devices. The development of a n t i g r a v i t y  devices  i n  the  

USSR and abroad has  been going on f o r  a long t i m e .  The opera t ing  p r i n c i p l e s  

of t h e  devices  involve t h e  c r e a t i o n  of pressure  i n  t h e  a r e a  of the  stomach and 

lower ex t remi t ies ,  s o  t h a t  when r a d i a l  acce le ra tcons  develop t h e r e  w i l l  be  

r e s i s t a n c e  t o  t h e  movement of blood from t h e  v e s s e l s  i n  t h e  upper p a r t  of t h e  

body i n t o  t h e  lower p a r t .  

Ant igrav i ty  s u i t s  of t h e  pneumatic type (Figure 55) are t h e  ones most 

widely used. They c o n s i s t  of a wide g i r d l e  (chamber) appl ied i n  t h e  area of 

the  stomach, p e l v i s  and s h i n s .  A l l  of these  s l e e v e s  are connected together  

and at tached t o  a s p e c i a l  r e g u l a t o r  which forms p a r t  of t h e  system f o r  vent i 

l a t i n g  t h e  a i r c r a f t  cabin. When t h e  e f f e c t s  of r a d i a l  a c c e l e r a t i o n  begin,  t h e  

pressure  i n  t h e  c u f f s  i s  automatical ly  increased t o  t h e  required l e v e l .  A s  w e  

have a l ready  s a i d ,  a n t i g r a v i t y  devices  are f requent ly  incorporated i n  high-

a l t i t u d e  compensating f l y i n g  s u i t s .  

The pressure  i n  t h e  chambers of t h e  an t iover load  s u i t  i s  increased wi th  

t h e  a i d  of a p r e s s u r e  r e g u l a t o r  t o  50-55 mm Hg f o r  each u n i t  of a c c e l e r a t i o n ,  /223 

reaching 450 mm Hg. Then t h e  pressure  remains cons tan t ,  al though t h e  

a c c e l e r a t i o n  may i n c r e a s e  f u r t h e r .  
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T h e  p r i n c i p a l  condi t ion  f o r  an  

e f f e c t i v e  a n t i g r a v i t y  s u i t  i s  c a r e f u l  

f i t t i n g  t o  the dimensions of t h e  

p i l o t ' s  body. The  u s e  o f  t h e  s u i t  

increases  the t o l e r a n c e  of t h e  p i l o t  

t o  r a d i a l  a c c e l e r a t i o n  by 2-3 g. 

P o s i t i o n  of the Bo&. A s  w e  have 

a l ready  pointed o u t ,  to le rance  t o  

r a d i a l  a c c e l e r a t i o n  i n c r e a s e s  markedly 

i f  it acts i n  t h e  chest-back o r  back-

c h e s t  d i r e c t i o n .  Consequently, by 

changing t h e  p o s i t i o n  (posture)  of t h e  

p i l o t  i n  t h e  cabin,  w e  can considerably 

i n c r e a s e  his  r e s i s t a n c e  t o  t h e  a c t i o n  

of r a d i a l  a c c e l e r a t i o n  (Figure 56). 1224 

Thus, f o r  example, i n  t h e  "cowering" 

p o s i t i o n ,  t h e  i n t e r n a l  organs a r e  

somewhat compressed and t h e  i n t r a -
Figure 55. PPK-1 a n t i g r a v i t y  s u i t .  

abdominal pressure  increases .  This  prevents  i n e r t i a l  s h i f t i n g  of t h e  blood 

i n t o  t h e  vessels of t h e  abdominal cav i ty  and t h e  lower extremities, and c r e a t e s  

more favorable  condi t ions f o r  t h e  blood supply t o  t h e  b r a i n .  Resis tance t o  

a c c e l e r a t i o n  i s  increased by as much as 1.5-2 g. The use  of this pos ture  has  

n o t  y e t  been put  i n t o  p r a c t i c e ,  however. 

Tolerance t o  r a d i a l  a c c e l e r a t i o n  a l s o  i n c r e a s e s  when changing the  s lope  

of t h e  back of t h e  s e a t  backward, s o  t h a t  the d i r e c t i o n  of a c c e l e r a t i o n  

becomes almost t ransverse  (chest-back) . Experiments have shown t h a t ,  when 

t h e  back i s  t i l t e d  backward by 30°, t h e  to le rance  i n c r e a s e s  by 1.5-2 g, while 

a t  a s lope  angle  equal  t o  85" an a c c e l e r a t i o n  of 1 5  g can b e  withstood 1225 

s a t i s f a c t o r i l y .  

Tolerance increases  i f  the back is placed perpendicular  t o  t h e  d i r e c t i o n  

of a c c e l e r a t i o n .  
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It i s  p o s s i b l e  t h a t  f u t u r e  
_I u p -____. -

Posture  of ""I improvement w i l l  provide a seat . p i l o t  
) t o l e r a b l e  overload (E'S) w i t h  a n  a d j u s t a b l e  back angle.  

However, t h i s  w i l l  complicate 

t h e  p i l o t ' s  work. A t  t h e  

present  t i m e ,  t h e  t e c h n i c a l  

d i f f i c u l t i e s  and condi t ions  f o r  

i n s t a l l i n g  such a seat f o r  

p i l o t s  i n  the  cabin  has  not  y e t  

been b u i l t .  

Angular-Aqq3l-eration and 

C o r i o l i s  Accelerat ion 

-Anxular Accelerat ion.  This 

develops when t h e  angular 

v e l o c i t y  of motion changes ( f o r  
Figure 56. E f f e c t  of t h e  p o s i t i o n  of  the  

example, when car ry ing  o u t  abody on a b i l i t y  t o  withstand overloads.  
maneuver). The change i n  t h e  

angular v e l o c i t y  per u n i t  t i m e  i s  c a l l e d  t h e  angular a c c e l e r a t i o n .  I t  i s  
2u s u a l l y  expressed i n  rad ians  per  second squared (rad/sec ) .  

C o r i o l i s  Accelerat ion ( r o t a r y  a c c e l e r a t i o n  perpendicular  t o  t h e  t r a jec

t o r y ) .  This develops with any change i n  the  p i l o t ' s  p o s i t i o n  during curvi

l i n e a r  movement of t h e  a i r c r a f t .  The s implest  example of t h e  a c t i o n  of r o t a r y  

a c c e l e r a t i o n  i s  t h e  t i l t i n g  of t h e  p i l o t ' s  head when turning t h e  a i r c r a f t  

around i ts  lengthwise axis ( r o l l ) .  

Angular and r o t a r y  a c c e l e r a t i o n s  are s p e c i f i c  s t i m u l i  of t h e  v e s t i b u l a r  

apparatus .  When car ry ing  o u t  a maneuver, these  a c c e l e r a t i o n s  are i n s i g n i f i c a n t  

i n  t h e  majori ty  of cases  and w i l l  n o t  cause not iceable  v e s t i b u l a r  problems, bu t  

i n  some people they can cause unpleasant sensa t ions  (d izz iness ,  nausea).  
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CHAPTER V I 1 1  I 2 2 6  

INFLUENCE ON THE PILOT'S BODY OF 

FLIGHTS UNDER DIFFICULT CONDITIONS 

F l i g h t s  under d i f f i c u l t  condi t ions  may b e  assumed t o  b e  those which a r e  

c a r r i e d  o u t  under d i f f i c u l t  meteorological  condi t ions ,  as w e l l  as n i g h t  f l i g h t s .  

F l i g h t s  Under D i f f i c u l t  Meteorological Conditions 

F l i g h t s  under d i f f i c u l t  meteorological  condi t ions  are those which are 

c a r r i e d  out  wi th  complete l a c k  of v i s i b i l i t y  of t h e  n a t u r a l  horizon,  terres

t r i a l ,  and celestial  landmarks o r  with l imi ted  v i s i b i l i t y  of t h e  l a t te r .  They 

inc lude  day and n i g h t  f l i g h t s  i n  clouds and outs ide  of  c louds,  w i t h  low cloudi

ness  and l i m i t e d  v i s i b i l i t y ,  i n  heavy r a i n  o r  snow, o r  i n  t h e  s t r a t o s p h e r e  

( a t  a l t i t u d e s  above 15 km). F l i g h t s  under t h e s e  condi t ions  a r e  carried o u t  

completely o r  p a r t i a l l y  on instruments.  When f l y i n g  on instruments  ("blind" 

f l y i n g ) ,  t h e  p i l o t  determines t h e  p o s i t i o n  of h i s  a i r c r a f t  i n  space,  as w e l l  

as h i s  l o c a t i o n  wi th  t h e  a i d  of p i l o t i n g  and naviga t iona l  instruments .  On such 

f l i g h t s ,  t h e  working condi t ions f o r  t h e  p i l o t  p l a c e  g r e a t e r  p h y s i c a l  and neuro

psychic demandson him and a l s o  ca l l  f o r  a h igher  degree of p i l o t  t r a i n i n g .  

A s  w e  have already noted, an i n d i v i d u a l  g e t s  an i d e a  of t h e  e x t e r n a l  

medium around him through sensa t ions  which are a r e f l e c t i o n  of t h e  p r o p e r t i e s  

of o b j e c t s  and phenomena i n  t h e  material world, a c t i n g  d i r e c t l y  on t h e  sense 

organs. Through sensa t ions ,  t h e  i n d i v i d u a l  recognizes  i n  p a r t i c u l a r  t h e  

movement and p o s i t i o n  of h i s  body i n  space.  H i s  understanding i s  made up of 

sensa t ions .  
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In h i s  work " M a t e r i a l i s m  and Empidocri t ic ism",  V. I. Lenin wrote: "While /227 

s e n s a t i o n  of t i m e  and space can provide man w i t h  b i o l o g i c a l l y  d i r e c t e d  or ien

t a t i o n ,  it is only under t h e  condi t ion  t h a t  these  sensa t ions  r e f l e c t  t h e  

ob-ject ive reali tv ou t s ide  the ind iv idua l :  t he  ind iv idua l  cannot relate 

b i o l o g i c a l l y  to the  medium i f  h i s  s ensa t ions  do not g ive  him an  ob jec t ive ly  

correct i d e a  of  it." (Collected Works, Volume 14,  Page 166).  

W e  a l s o  knou t h a t  man, who has been under the  in f luence  of t h e  Ea r th ' s  

g rav i ty  du r ing  a long per iod of evolut ionary development, has  developed 

s p e c i f i c  psychophysiological mechanisms which make i t  poss ib l e  f o r  him t o  

maintain, his balance and o r i e n t  himself i n  space on t h e  b a s i s  of s ensa t ions  

of t h e  p o s i t i o n  of his body. 

Hence, t h e  a b i l i t y  of man t o  d e t e c t  s p a t i a l  p o s i t i o n  has developed as a 

r e s u l t  of the  a c t i v i t y  of many complex a n a l y t i c a l  systems (ana lyzers ) .  The 

leading  r o l e  among these  i s  played by t h e  v i s u a l  ana lyzer  (v i s ion ) .  I n  

add i t ion ,  t he  func t ion  of o r i e n t i n g  t h e  p o s i t i o n , o f  t h e  body i n  space i s  

accomplished with the  a i d  of t he  v e s t i b u l a r ,  motor, and t a c t i l e  ana lyzers .  

mder ordinary  condi t ions  on the  ground, an  ind iv idua l  i s  a b l e  t o  

determine h i s  pos i t fon  i n  space q u i t e  e a s i l y .  This a b i l i t y  is acquired by 

H i m  i n  e a r l y  childhood, and develops a l l  dur ing  h i s  l i f e .  W e  know, f o r  

example, t h a t  an ind iv idua l  wi th  closed eyes,  i .e.,  without p a r t i c i p a t i o n  of 

the e s u a l  analyzer ,  can sit i n  a c h a i r ,  s t and  up, t u r n  t o  t h e  r i g h t  o r  l e f t .  

Consequently, i n  order  t o  determine t h e  p o s i t i o n  of h i s  body under condi t ions  

t o  which he  has  become accustomed (without changes i n  g r a v i t a t i o n  a c t i n g  on 

him) i t  i s  s u f f i c i e n t  t o  have t h e  p a r t i c i p a t i o n  of t h e  v e s t i b u l a r  and motor 

analyzers .  

However, t h e  psychophysiological process  of  determining the  s p a t i a l  

p o s i t i o n  of t h e  a i r c r a f t  is  much more complicated i n  f l i g h t .  H e r e  v e s t i b u l a r  

s t i m u l i  and muscle sensa t ions  a lone  are i n s u f f i c i e n t .  I n  many cases, they may 

even b e  the  source of f a l s e  spat ia l  sensa t ions .  Therefore,  when making f l i g h t s  

under d i f f i c u l t  condi t ions,  t he  p i l o t  must be guided only by t h e  readings of 
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h i s  instruments ,  n o t  depending on h i s  sensa t ions  and f requent ly  a c t i n g  

a g a i n s t  them. 

Numerous experiments i n d i c a t e  t h a t  l e a r n i n g  to determine c o r r e c t l y  t h e  /228 

p o s i t i o n  of  an a i r c r a f t  i n  f l i g h t  by instruments  depends e s s e n t i a l l y  on 

knowing how t o  read them. This  knowledge develops i n  t h e  course of ground 

and f l i g h t  t r a i n i n g .  

reading t h e  instrument panel.  

The technique of p i l o t i n g  a l s o  depends on t h e  ease of  

Instrument f l i g h t  d i f f e r s  from ordinary f l i g h t  i n  t h a t  t h e  s p a t i a l  

p o s i t i o n  of  t h e  a i rcraf t  is determined by t h e  p i l o t ,  n o t  on t h e  b a s i s  of a 

n a t u r a l  horizon and ground landmarks, but  i n d i r e c t l y ,  as a r e s u l t  of evalua

t i o n  and s y n t h e s i s  of the  readings of t h e  p i l o t i n g  and naviga t iona l  instruments .  

P i l o t i n g  is complicated when f l y i n g  on instruments.  Longer t i m e s  are 

required t o  determine the  p o s i t i o n  and t h e  n a t u r e  of t h e  movement of t h e  

a i r c r a f t  i n  space, than i n  v i s u a l  f l i g h t ,  and so i t  becomes necessary t o  

c a r r y  o u t  a number of a d d i t i o n a l  c a l c u l a t i o n s ,  and so on. 

During f l i g h t  under d i f f i c u l t  meteorological  condi t ions ,  i t  i s  necessary 

t o  take  i n t o  account t h e  unfavorable e f f e c t  of sharp changes i n  l i g h t  i n t e n s i t y  

on t h e  v i s u a l  func t ion  of man. Such changes are observed, f o r  example, when 

passing through clouds,  moving upward o r  downward. I n  both cases ,  t h e  sharp 

c o n t r a s t  between t h e  l i g h t  i n t e n s i t y  above t h e  clouds and t h a t  beneath them 

forces  t h e  p i l o t ' s  v i s i o n  t o  adapt.  AS a r e s u l t ,  t h e  v i s u a l  analyzer  and 

nervous system undergo considerable  stress and are fa t igued .  I n  a d d i t i o n ,  a 

c e r t a i n  per iod of t i m e  i s  required t o  rega in  normal v i s i o n  under new condi t ions  

of i l lumina t ion .  I t  i s  easy t o  understand how important i t  is  t o  take  t h i s  i n t o  

account i n  modern a i r c r a f t .  For example, when emerging beneath a cloud i n t o  

overcast  weather,  v i s u a l  determination of a l t i t u d e  and recogni t ion  of t e r r a i n  

w i l l  be impeded during t h e  per iod of t i m e  required t o  a d j u s t  v i s i o n .  

Light  i n t e n s i t y  a l s o  changes wi th  a l t i t u d e .  While on sunny days i n  middle 

l a t i t u d e s  t h e  b r i g h t n e s s  on t h e  ground reaches 80,000-100,000 luxes ,  a t  a l t i t u d e s  
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of  3,000-30,000 m i t  is equal  t o  130,000-140,000 lux.  On overcas t  days on t h e  

ground and i n  t h e  clouds,  i t  is  only 4,000-6,000 lux. I n t e n s e  b r i g h t n e s s  

tires t h e  v is ion ,  and cal ls  f o r  us ing  s p e c i a l  l i g h t  f i l ters  when f l y i n g  a t  

high a l t i t u d e s .  I n  addi t ion ,  a t  t h e s e  a l t i t u d e s  t h e r e  is  a sharp c o n t r a s t  

between shadows i n  t h e  a i rcraf t  cabin,  which makes i t  more d i f f i c u l t  t o  

observe t h e  instruments.  

During f l i g h t s  under d i f f i c u l t  meteorological  condi t ions  , t h e  weather may 

change rap id ly .  Its instantaneous d e t e r i o r a t i o n  causes s e r i o u s  d i f f i c u l t i e s  

i n  p i l o t i n g  and, i n c r e a s e s  t h e  neuro-psychic stress on t h e  p i l o t .  

Instrument f l i g h t  consumes a l o t  of energy and e f f o r t  on t h e  p a r t  

of t h e  p i l o t ,  more than any ord inary  f l i g h t .  With i n s u f f i c i e n t l y  t r a i n e d  

p i l o t s ,  f a t i g u e  appears a f t e r  on ly  30-40 minutes of f l i g h t .  I t  most f r e 

quent ly  takes  a form i n  which t h e  p i l o t ,  wi thout  n o t i c i n g  i t  himself ,  begins 

t o  make e r r o r s  i n  p i l o t i n g ;  he becomes s luggish ,  a p a t h e t i c ,  s leepy ,  etc.  

A s  w e  know, a p i l o t  f l y i n g  on instruments  must simultaneously monitor t h e  

readings of a g r e a t  many instruments .  Therefore,  i t  is very important ( i n  

order  t o  reduce s t r e s s )  t o  mount t h e  instruments  on t h e  instrument panel and 

t h e  s i d e s  of the  cabin i n  a c o r r e c t  and e f f i c i e n t  manner. I n  a d d i t i o n ,  i t  i s  

necessary f o r  t h e  p i l o t  t o  b e  loca ted  comfortably i n  t h e  cabin and t o  see t h e  

instruments  c l e a r l y ;  otherwise,  unpleasant  sensa t ions  may arise which promote 

-/229 

t h e  appearance of erroneous concepts o r  i l l u s i o n s ,  d i s t u r b i n g  t h e  performance of 

t h e  f l i g h t .  

I l l u s i o n s  are erroneous concepts about t h e  s p a t i a l  p o s i t i o n  of t h e  air

craft, which develop i n  f l i g h t  w i t h  t h e  absence of v i s i b i l i t y  of t h e  ground 

and horizon. I n  some cases, they become so  severe t h a t  t h e  p i l o t  doubts t h e  

cor rec tness  of h i s  instrument readings.  Ceasing t o  trust h i s  instruments ,  h e  

may l o s e  h i s  s p a t i a l  o r i e n t a t i o n  and g e t  i n t o  a s e r i o u s  s i t u a t i o n .  
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Erroneous ideas  during f l i g h t  on instruments  are t h e  r e s u l t  of d i s r u p t i o n  

of  coordinat ion i n  t h e  opera t ion  of t h e  analyzer  systems which c a r r y  out  t h e  

func t ion  of s p a t i a l  o r i e n t a t i o n .  I l l u s i o n s  of t h i s  kind are physiological .  

Erroneous concepts are highly d iverse .  Thus, f o r  example, i t  may seem 

t o  t h e  p i l o t  t h a t  t h e  aircraft  is f l y i n g  t i l t e d  t o  one s i d e ,  ga in ing  a l t i t u d e  

a t  a s t e e p  angle  (p i tch ing  up) o r  d iv ing ,  climbing o r  descending whi le  making 

a t u r n ,  f l y i n g  upside down, turn ing  i n  t h e  oppos i te  d i r e c t i o n  af ter  coming o u t  

of a t u r n  ( i l l u s i o n  of tu rn ing  i n  t h e  oppos i te  d i r e c t i o n ) ,  etc.  S i m i l a r  

i l l u s i o n s  develop i n  p i l o t s  who do not  have t r a i n i n g  i n  instrument  f l y i n g :  /230 


- on n i g h t  f l i g h t s  under d i f f i c u l t  meteorological  condi t ions;  

- during f l i g h t s  under condi t ions of high atmospheric turbulence ( i n  

rough weather) ; 

- during f l i g h t s  i n  clouds which have d i f f e r e n t  b r i g h t n e s s  o r  d e n s i t y ;  

- during a long g l i d e ,  sharp entrance i n t o  c u r v i l i n e a r  f l i g h t  and 

emergence from it; 

- i n t e n s i v e  a c c e l e r a t i o n  o r  braking; 

- upon sudden en t rance  i n t o  clouds. 

I l l u s i o n s  may arise when beginning t o  f l y  on instruments ,  following long 

i n t e r r u p t i o n s  i n  such f l i g h t s ,  o r  during a long f l i g h t  when t h e  p i l o t  begins  

t o  f e e l  fa t igued .  I n  t h e  case of p i l o t s  who are well-accustomed t o  f l y i n g  on 

instruments ,  i l l u s i o n s  develop more r a r e l y  and may be coped w i t h  e a s i l y .  

I n c o r r e c t  sensa t ions  may occur i n  anyone, b u t  t h e i r  degree d i f f e r s .  For 

example, i n  most f i g h t e r  p i l o t s  i n c o r r e c t  sensa t ions  u s u a l l y  last  no more than 

5-6 seconds, while  un t ra ined  p i l o t s  o r  p i l o t s  who have had a long i n t e r r u p t i o n  

i n  f l y i n g  on instruments  may have i l l u s i o n s  t h a t  l a s t  as long as 12-18 seconds, 

o r  several minutes i n  c e r t a i n  cases. 

Loud crackl ing and noise  i n  t h e  earphones which develop during l i g h t n i n g  

f l a s h e s  and o t h e r  d i s turbances  i n c r e a s e  t h e  s t r e n g t h  of t h e  i l l u s i o n s  and may 

sometimes a c t u a l l y  cause them. 
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I l l u s i o n s  about s p a t i a l  p o s i t i o n  a l s o  inc lude  "psychological" o r  v i s u a l  

i l l u s i o n s .  I l l u s i o n s  of t h i s  type develop a s  a r e s u l t  of d i s t o r t e d  percept ion  

of  l i g h t ,  landmarks o r  ob jec ts .  For example, stars may b e  i n t e r p r e t e d  as 

navigat ion l i g h t s ,  o r  fires on t h e  ground may b e  seen as stars. They may a l s o  

occur when looking f o r  landing  l i g h t s  from a g r e a t  d i s tance .  I l l u s i o n s  of an 

i n c r e a s e  i n  f l i g h t  a l t i t u d e ,  d i s t o r t i o n  of t h e  shape of o b j e c t s  loca ted  out

s i d e  t h e  a i r c r a f t ,  and d i s t a n c e s  t o  them may develop due t o  r e f r a c t i o n  of 

l i g h t  r a y s  caused by r a i n  and snow, as w e l l  a s  clouds and th ick  haze. 

I n  heavy ra in ,  clouds,  fog  and t h i c k  haze,  as a r e s u l t  of r e f r a c t i o n  of 

t h e  rays  of s e a r c h l i g h t s  o r  a i r c r a f t  l i g h t s ,  a l i g h t  "screen" may appear i n  

f r o n t  of t h e  a i r c r a f t  o r  on t h e  cabin windows i n  t h e  form of patches ( l i g h t  

spots ) .  The screen  and s p o t s  may cause v i s u a l  i l l u s i o n s  of a change i n  t h e  

s p a t i a l  p o s i t i o n  of t h e  a i r c r a f t  and t h e  appearance of "obstacles" before  it. 

The v i s u a l  i l l u s i o n  may develop i n  f l i g h t s  above clouds o r  between l a y e r s  of 

clouds when t h e  s lop ing  l i n e  of clouds i s  taken as t h e  n a t u r a l  horizon. This 

same i l l u s i o n  may develop when f l y i n g  over mountain ranges. 

I n  o r d e r  t o  prevent  t h e  development of i l l u s i o n s  i n  f l i g h t ,  i t  is  

recommended t h a t :  

- t r a i n i n g  b e  c a r r i e d  o u t  on ground t r a i n e r s  and s p e c i a l  models; 

- long i n t e r r u p t i o n s  i n  instrument f l y i n g  not  be allowed; 

- a s p e c i f i c  program of teaching instrument f l y i n g  b e  observed; 

- a c o r r e c t  regime o f  work, rest and e a t i n g  be maintained; 

- p a r t i c i p a t i o n  i n  p h y s i c a l  c u l t u r e  and s p o r t  b e  encouraged ( s p e c i a l  

a t t e n t i o n  being given t o  t r a i n i n g  t h e  v e s t i b u l a r  apparatus  a s  w e l l  a s  t h e  

cardiovascular  and neuromuscular systems) . 
Night F l i g h t s  

Night f l i g h t s  are those which t a k e  p lace  during t h e  per iod between sun

set and s u n r i s e  and a t  dusk. The a i r c r a f t  i s  p i l o t e d  pr imar i ly  on instruments.  
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Red o r  u l t r a v i o l e t  l i g h t  is  used t o  i l l u m i n a t e  t h e  cabin  and t h e  instrument 

panel.  

Night f l i g h t s ,  as w e l l  as f l i g h t s  under d i f f i c u l t  condi t ions  i n  general ,  

f o r c e  t h e  f l i g h t  crew t o  b e  subjected t o  a high degree of neuropsychic stress. 

V i s i b i l i t y  a t  n i g h t  depends on n a t u r a l  i l lumina t ion ,  t h e  n a t u r e  of t h e  

clouds,  t h e  s ta te  of t h e  weather and t h e  n a t u r e  of t h e  t e r r a i n .  With a f u l l  

moon i n  c l e a r  weather,  a c t u a l  i l l u m i n a t i o n  i s  equal  t o  0.22 l u x ,  while  on a 

moonless n i g h t  wi th  dense clouds i t  may be 0.0002 t o  0.0003 lux.  A t  n ight ,  

l a k e s  and r i v e r s  can be seen ( i n  summer), as w e l l  as r a i l r o a d s ,  highways, 

f o r e s t s ,  populated areas, and sometimes country roads.  Light  beacons a r e  

c l e a r l y  v i s i b l e ,  as w e l l  as beams of search l ights ,and  so  on. 

One of t h e  c h a r a c t e r i s t i c s  of n i g h t  f l i g h t s  is  t h e  d i s r u p t i o n  of normal 

d i u r n a l  p e r i o d i c i t y  i n  t h e  a c t i v i t y  of t h e  body. I n  t h e  normal rhythm of 

l i f e ,  t h e  day i s  reserved f o r  a c t i v e  movement and t h e  n i g h t  f o r  rest. Usually 

t h e  i n t e n s i t y  of phys io logica l  processes  i n  t h e  body i s  somewhat lower during 

t h e  n i g h t  than i n  t h e  day. 

It i s  n a t u r a l  t h a t  t h e  t r a n s i t i o n  t o  noc turna l  a c t i v i t y  i n i t i a l l y  has  an 1 2 3 2  

unfavorable e f f e c t  on t h e  emotions and working a b i l i t y  of man. However, i n  t h e  

course of t i m e  t h e  organism becomes accustomed t o  t h e  new rhythm. A s u i t a b l e  

example of t h i s  i s  o f f e r e d  by i n d i v i d u a l s  l i v i n g  under condi t ions  of p o l a r  day 

and n ight .  During t h e  f i r s t  days and even weeks, t h e i r  working a b i l i t y  is 

reduced and t h e r e  i s  a f e e l i n g  of breakdown. Later,  however, t h e i r  condi t ion  

becomes completely normal. 

While making n i g h t  f l i g h t s ,  i t  is  very important t o  organize c o r r e c t l y  

t h e  p r e f l i g h t  and p o s t f l i g h t  res t  programs f o r  t h e  f l i g h t  c rew.  

During n ight  f l i g h t s ,  extremely high requirements are imposed on t h e  

v i s i o n  of t h e  p i l o t ,  e s p e c i a l l y  h i s  n ight  v i s i o n  - t h e  a b i l i t y  t o  see with 

reduced i l lumina t ion .  
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A s  w e  have a l ready  s t a t e d  ( s e e  Chapter 111), t h e  process of v i s u a l  

percept ion begins  i n  t h e  r e t i n a  of t h e  eye, o r  t o  be more exact ,  i n  i ts l i g h t -

s e n s i t i v e  nerve cells, t h e  rods and cones. It terminates  i n  t h e  v i s u a l  c e n t e r  

of t h e  c e r e b r a l  cor tex,  where a v i s u a l  image is  formed. Under t h e  a c t i o n  of 

l i g h t ,  t h e  molecules of rhodopsin i n  t h e  rods and t h e  molecules of iodopsin 

i n  t h e  cones break down. 

The nerve impulses which arise due t o  t h e  breakdown of t h e  molecules of 

rhodopsin and iodopsin ( b i o e l e c t r i c  cur ren ts )  t r a v e l  along t h e  nerve f i b e r s  

t o  t h e  v i s u a l  c e n t e r  of t h e  c e r e b r a l  cor tex;  t h e i r  frequency increases  wi th  

t h e  volume of l i g h t  s t r i k i n g  t h e  r e t i n a .  Under ordinary b r i g h t n e s s  condi t ions ,  

t h e  frequency of these  impulses w i l l  n o t  exceed 300 per  second. 

A t  i l l u m i n a t i o n - g r e a t e r  than 30 luxes, only t h e  cones func t ion  (daytime 

v i s i o n ) ,  while  a t  b r igh tnesses  less than 0.03  l u x  i t  is  only t h e  rods which 

func t ion  (n ight  v i s i o n ) .  This  i s  explained a s  follows: When b r i g h t n e s s  in- 1233 

creases ,  t h e  process of breakdown of molecules of rhodopsin i n  t h e  rods i s  

i n t e n s i f i e d ,  while  t h e  formation process  d e t e r i o r a t e s .  A s  a r e s u l t ,  t h e  

rods cease t o  opera te  i n  t h e  daytime, s i n c e  rhodopsin i s  p r a c t i c a l l y  completely 

absent  from them, and only t h e  cones func t ion ,  whose iodopsin is  res tored  much 

more rap id ly .  

I n  making t h e  t r a n s i t i o n  from b r i g h t  l i g h t  t o  darkness,  t h e  rods cannot 

renew t h e i r  a c t i v i t y  immediately; they r e q u i r e  a s h o r t  t i m e  t o  become 

accustomed (adapt) and t o  s t o r e  up rhodopsin. The process  of accumulation 

grows longer  a s  t h e  b r i g h t n e s s  p r i o r  t o  t h e  t r a n s i t i o n  t o  darkness increases .  

A s  t h e  rhodopsin i s  r e s t o r e d  t o  t h e  molecules, s e n s i t i v i t y  of t h e  r e t i n a  t o  

l i g h t  i s  a l s o  res tored .  The p u p i l  d i l a t e s  on e n t e r i n g  darkness. While t h e  

diameter of t h e  p u p i l  i n  b r i g h t  d a y l i g h t  i s  2 mm, i t  expands t o  8 mm i n  

darkness,  i .e . ,  t h e  area of  t h e  p u p i l  increases  1 6  t i m e s .  This  i n c r e a s e  i s  

t h e  r e s u l t  of l i g h t  f l u x  a c t i n g  on t h e  r e t i n a .  

Accommodation of t h e  eye t o  darkness i s  c a l l e d  dark adaptat ion.  The b a s i s  

of this process  is t h e  increase i n  s e n s i t i v i t y  of the eye t o  l i g h t .  Thus, f o r  
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example, a f t e r  being i n  darkness f o r  an hour, t h e  s e n s i t i v i t y  of t h e  eye may 

i n c r e a s e  by 200,000 t i m e s  i n  comparison t o  t h e  o r i g i n a l  level. Therefore,  

even under noc turna l  condi t ions  when t h e  p u p i l s  of t h e  eyes have expanded and 

s e n s i t i v i t y  is very g r e a t ,  w i t h  a r a p i d  t r a n s i t i o n  t o  b r i g h t  l i g h t  ( f o r  

example, unexpected e n t r y  i n t o  t h e  beam of a s e a r c h l i g h t )  t h e r e  i s  a temporary 

b u t  important d i s r u p t i o n  of v i s i o n .  I n  general ,  under condi t ions  of marked 

c o n t r a s t  i n  i l lumina t ion ,  v i s i b i l i t y  i s  d is rupted  and o r i e n t a t i o n  i n  space 

becomes more d i f f i c u l t ;  t h i s  is  observed i n  p a r t i c u l a r  i n  making t h e  t r a n s i t i o n  

from reading t h e  instruments  t o  observing the  s i t u a t i o n  o u t s i d e  t h e  cabin,  and 

v i c e  versa .  

The d i f f i c u l t y  i n  n i g h t  f l i g h t s  l i es  i n  t h e  f a c t  t h a t  during weak i l lumi

n a t i o n  t h e  v i s i b i l i t y  of ground landmarks i s  l i m i t e d ,  e s p e c i a l l y  i n  bad weather. 

Under w a r t i m e  condi t ions ,  i t  is d i f f i c u l t  t o  c a r r y  o u t  v i s u a l  o r i e n t a t i o n  due 

t o  t h e  lack  of l i g h t e d  landmarks ( c i t i e s  and populated a r e a s  are blacked o u t ) .  

A t  n ight ,  under condi t ions  of poor i l lumina t ion ,  t h e  fol lowing changes 

i n  v i s i o n  a r e  observed: 

- t h e r e  i s  a sharp drop i n  t h e  a c u i t y  of v i s i o n  (up t o  0.3-0.7 on a 

b r i g h t  moonlit  n i g h t  and up t o  0.05-0.03 on a cloudy moonless n i g h t ) ;  

- v i s u a l  es t imat ion  of depth d e t e r i a j , p t e s ,  and it becomes more d i f f i c u l t  

t o  estimate d i s t a n c e s  t o  o b j e c t s  and t h e i r  mutual p o s i t i o n s ;  

- t h e r e  is a d i s r u p t i o n  of c o l o r  v i s i o n ,  s o  t h a t  a l l  colored o b j e c t s  

appear gray under noc turna l  i l lumina t ion;  

- t h e  f i e l d  of v i s i o n  is r e s t r i c t e d .  

I n  order  t o  improve n i g h t  v i s i o n  f o r  n i g h t  f l y i n g ,  dark a d a p t a t i o n  i s  

required beforehand. A s  a r e s u l t  of adapta t ion ,  t h e r e  is a sharp i n c r e a s e  

i n  t h e  a b i l i t y  of t h e  i n d i v i d u a l  t o  d i f f e r e n t i a t e  poorly i l lumina ted  objec ts .  

It is  bel ieved t h a t  20 t o  25 minutes are required t o  adapt t h e  eyes t o  dark

ness;  complete adapta t ion  is accomplished i n  1 t o  1-1/2 hours. 

244 

5 



When car ry ing  o u t  n i g h t  f l i g h t s ,  t h e  p i l o t  must adapt  himself:  

-when going o u t  t o  take  o f f ;  

- a f t e r  f l i g h t s  i n  t h e  beams of s e a r c h l i g h t s ;  

-when descending from high a l t i t u d e s  ( v i s i o n  may d e t e r i o r a t e  due t o  

oxygen s t a r v a t i o n ) .  

Following dark adapta t ion ,  t h e  eyes are more s e n s i t i v e  t o  green l i g h t  and 

less s e n s i t i v e  t o  red l i g h t .  Blue and yellow l i g h t  occupy an in te rmedia te  

pos i t ion .  When t h e  eyes are adapt ing  t o  b r i g h t  l i g h t ,  t h e  p o i n t  of maximum 

s e n s i t i v i t y  i s  t h e  c e n t r a l  depression i n  t h e  r e t i n a .  A t  t h i s  po in t ,  yellowish-

green l i g h t  appears b r i g h t e s t  whi le  red is least  b r i g h t ,  as i t  is  following 

dark  adaptat ion.  On a n i g h t  f l i g h t ,  under t h e  inf luence  of a number of 

f a c t o r s ,  t h e  adapta t ion  processes  slow down. 

On n i g h t  f l i g h t s ,  i t  is  necessary t o  pay s p e c i a l  a t t e n t i o n  t o  t h e  cabin 

i l lumina t ion .  The i l lumina t ion  must no t  d i s r u p t ' d a r k  adaptat ion;  i t  must a l low 

t h e  p i l o t  t o  work wi th  t h e  equipment without  stress on h i s  v i s i o n .  It  must 

b e  p o s s i b l e  t o  d i f f e r e n t i a t e  c l e a r l y  between t h e  readings of t h e  instruments ,  

t o  read t h e  f l i g h t  c h a r t ,  and t o  c a r r y  out  observat ions of t h e  surroundings.  

I l lumina t ion  i n  t h e  cabin must b e  between 0.5 and 10 luxes,  and be smoothly 

a d j u s t a b l e ,  depending on t h e  n a t u r a l  i l l u i  na t ion .  

A s  a r u l e ,  r e f l e c t e d  l i g h t  i s  used f o r  i l lumina t ion  of t h e  cabin. Direct 

rays  from a l i g h t  source must n o t  b e  allowed t o  s t r i k e  t h e  p i l o t ' s  eyes,  and 

t h e  formation of l i g h t  r e f l e c t i o n s  on t h e  l e n s e s  of instruments  and t h e  

canopy must be prevented. 

For t h e  b e s t  v i s u a l  percept ion,  the  instrument panel  and t h e  d i a l s  of t h e  1235 

inst ruments  are colored f l a t  b lack ,  while  t h e  w a l l s  of t h e  cabin are dark 

gray. It would s e e m  t h a t  yel lowish green should be used f o r  marking t h e  

s c a l e s  of t h e  instruments ,  s i n c e  n i g h t  v i s i o n  is most s e n s i t i v e  t o  t h i s  co lor .  

However, s t u d i e s  have shown t h a t  t h i s  co lor  is  de tec ted  poorly a t  low i l l u m i 

n a t i o n  levels i n  t h e  cabin. 
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As w e  have a l r e a d y  sa id ,  n i g h t  v i s i o n  has  low sensi t ivi ty  t o  r e d  l i g h t .  

Therefore,  red (or  u l t r a v i o l e t )  l i g h t  does n o t  d i s r u p t  dark  adapta t ion ,  and 

t h e  p i l o t ' s  v i s i o n  r e t a i n s  a high level of s e n s i t i v i t y .  H e  can see t h e  in

struments c l e a r l y ,  w e  w e l l  as o b j e c t s  and s i g n a l s  o u t s i d e  t h e  cabin.  This i s  

explained by t h e  ex tens ive  use of red o r  u l t r a v i o l e t  l i g h t  f o r  i l l u m i n a t i n g  

t h e  cabin. 

The i l lumina t ion  of t h e  area i n  which t h e  f l i g h t  c r e w  is  loca ted  p r i o r  

t o  going on n i g h t  f l i g h t s  i s  a l s o  important f o r  t h e  q u a l i t y  of n i g h t  v i s i o n .  

I l lumina t ion  must b e  as uniform as poss ib le  without  extreme c o n t r a s t s  and n o t  

b l ind ing .  It  is  d e s i r a b l e  t o  use i l lumina t ion  w i t h  r e d  l i g h t ;  t h i s  shor tens  

t h e  t i m e  t o  adapt  t o  t h e  dark  and does n o t  f a t i g u e  t h e  v i s i o n .  All l i g h t  

sources  i n  t h e  f l i g h t  crew's q u a r t e r s  must have f r o s t e d  covers  o r  shades. 

Table lamps must b e  loca ted  c l o s e  t o  working areas. Their  i l l u m i n a t i o n  

must be such t h a t  t h e  occupants can read and w r i t e  wi thout  s t r a i n i n g  t h e i r  

eyes. Rheostats are used t o  r e g u l a t e  br ightness .  

During f l i g h t s  a t  n i g h t ,  e s p e c i a l l y  under unfavorable weather condi t ions ,  

t h e  p i l o t  may develop v i s u a l  ("psychic") i l l u s i o n s ,  p rev ious ly  descr ibed 

when we w e r e  t a l k i n g  about f l i g h t s  under d i f f i c u l t  meteorological  condi t ions.  

When t h e  a i r c r a f t  e n t e r s  t h e  beam of a s e a r c h l i g h t ,  t h e  p i l o t  i s  bl inded.  

On leaving  t h e  beam, observat ion of surrounding space and t h e  instruments  i n  

t h e  cabin i s  d is rupted  f o r  some t i m e .  This  per iod of t i m e  w i l l  i n c r e a s e  t h e  

longer  and more i n t e n s i v e  is t h e  exposure of t h e  eyes t o  l i g h t ,  and t h e  

darker  i s  t h e  n ight .  Therefore,  when e n t e r i n g  t h e  beam of a s e a r c h l i g h t ,  t h e  

p i l o t  must take  measures t o  p r o t e c t  himself a g a i n s t  b r i g h t  l i g h t  (use  a 1.i.ght. 

f i l t e r  o r  a shade, use t h e  shadow i n  the cabin,  make a maneuver t o  g e t  ou t  of 

t h e  s e a r c h l i g h t  beam). On leaving  t h e  beam, t h e  p i l o t  must steer t h e  a i r c r a f t  1236 

by instruments u n t i l  h i s  v i s i o n  becomes accustomed t o  n a t u r a l  i l lumina t ion ,  

a f t e r  which he may r e t u r n  t o  v i s u a l  f l i g h t .  
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D e t e r i o r a t i o n  of n i g h t  vision and development of i l l u s i o n s  on n i g h t  

f l i g h t s  are promoted by the following: 

- abrupt  t r a n s i t i o n  from b r i g h t  l i g h t  t o  darkness and vice versa;  

-excessive o r  i n s u f f i c i e n t  i l l u m i n a t i o n  of t h e  a i r c r a f t  cabin; l i g h t  

r e f l e c t i o n s  on t h e  g l a s s  of  t h e  instruments  and cabin; 

- i n s u f f i c i e n t  o x y g e n  supply; 

- repeated i n f l u e n c e  of  r a d i a l  a c c e l e r a t i o n s ,  n o i s e  of high i n t e n s i t y ,  

overcoal ing o r  overheat ing of t h e  body; 

- f u n c t i o n a l  d i s o r d e r s  of t h e  v e s t i b u l a r  apparatus;  

- overfa t igue ,  neuropsychic d is turbances ,  l a c k  of s leep ,  extreme phys ica l  

stress; 

- d r i n k i n g  aIcohol  on t h e  n i g h t  before  and on t h e  day of t h e  f l i g h t ,  

excess ive  smoking; 

-o v e r f i l l i n g  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  u r i n a r y  b ladder ,  a l t i t u d e  

m e t e o r i s m ;  

- a diseased condi t ion,  as w e l l  as t h e  condi t ion  immediately following 

recovery from an  i l l n e s s ;  

- l a c k  of vi tamins A, C and vi tamins of t h e  B group i n  t h e  d i e t .  

Measures which are capable  of improving t h e  genera l  state of t h e  body 

and r e t e n t i o n  of normal n i g h t  v i s i o n  inc lude  t h e  following: 

- c o r r e c t  o r g a n i z a t i o n  of t h e  l i g h t  condi t ions i n  the c r e w ' s  q u a r t e r s ,  

a t  	t h e  a i r f i e l d  itself and i n  t h e  a i r c r a f t  cabin; 

-maintenance of  a c o r r e c t  program of work and rest; 

- c o r r e c t  d i e t ,  adequate  vi tamin content  i n  t h e  d i e t  and a d d i t i o n a l  

doses  of vitamins; 

- sys temat ic  performance of p h y s i c a l  c u l t u r e  and spor t s ;  

- s u f f i c i e n t  oxygen supply a t  a l l  f l i g h t  a l t i t u d e s 
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Vitamins A, C and vi tamins of t h e  B group have an  important in f luence  on 

v i s u a l  processes  i n  general ,  and on dark adapta t ion  of t h e  eyes i n  p a r t i c u l a r .  

The presence of a f u l l  complex of vi tamins i n  t h e  d i e t  n o t  on ly  has  a p o s i t i v e  

a f f e c t  on v i s u a l  func t ions ,  b u t  a l s o  improves t h e  genera l  s ta te  of t h e  p i l o t ’ s  

body. 

During n i g h t  f l i g h t s ,  t h e  need of t h e  body f o r  vi tamins increases .  To 1 2 3 7  

cover t h e  vi tamin def ic iency ,  a d d i t i o n a l  vi tamin adminis t ra t ion  i s  employed. 

This  means t h a t  t h e  f l i g h t  crew is  given a t a b l e t  before  t h e  f l i g h t  which 

contains  Vitamins A, B 1’ B2, B6,  P ,  PP and C. 

S p e c i a l  a t t e n t i o n  must be paid t o  oxygen suppl ies .  A shor tage  of oxygen 

a f f e c t s  a l l  of t h e  func t ions  of t h e  eye. On n i g h t  f l i g h t s ,  t h e  oxygen supply 

must be switched on on t h e  ground. 

There must b e  constant  medical superv is ion  so  as n o t  t o  a l low n i g h t  

f l i g h t s  t o  b e  made by ind iv idua ls  who do n o t  s a t i s f y  t h e  requirements as f a r  

as v i s i o n  is concerned. These inc lude  i n d i v i d u a l s  wi th  reduced v i s u a l  a c u i t y  

( l e s s  than 0.8 i n  each eye) ,  d i s t u r b e d  co lor  v i s i o n ,  and dark  adapta t ion .  
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CHAPTER I X  1238 

DIET OF THE FLIGHT CREW 

Phys io logica l  S igni f icance  of Food Substances 

The b a s i s  of a l l  l i f e  processes  i n  t h e  human organism i s  t h e  cons tan t  

exchange of substances between t h e  organism and t h e  ambient medium. 

During t h e  working day, man expends a l a r g e  amount of energy. Energy comes 

from food substances t h a t  are taken i n t o  t h e  organism d a i l y  wi th  food. Food 

substances inc lude  p r o t e i n s ,  f a t s  and carbohydrates.  The d i e t  must conta in  

vitamins,  inorganic  substances (sodium c h l o r i d e ,  calcium, potassium, phosphorus, 

i r o n ) .  microelements, as w e l l  as w a t e r .  

The human food r a t i o n  makes up a combination of foods t h a t  c o n s i s t  of 

foods tuf fs  and water .  The composition of t h e  foods tuf fs  i n  t h e  r a t i o n  must 

be such t h a t  i t  s u p p l i e s  as completely a s  poss ib le  a l l  of t h e  phys io logica l  

requirements of t h e  organism. These requirements d i f f e r  i n  var ious  ind iv i 

duals;  they depend on t h e  n a t u r e  of the  a c t i v i t y ,  t h e  state of t h e  metabolism 

i n  t h e  organism, t h e  r e l a t i o n s h i p  between t h e  processes  of a s s i m i l a t i o n  and 

d i s s i m i l a t i o n ,  as w e l l  as age, energy consumption i n  car ry ing  o u t  work, 

condi t ion  of t h e  c e n t r a l  nervous system and endocrine glands,  a s  w e l l  as t h e  

condi t ions of t h e  ambient medium. Thus, f o r  exanple,  under condi t ions  of 

low temperature, s t r o n g  wind, o r  high humidity of t h e  a i r ,  t h e  consumption of 

food substances i n  t h e  organism increases .  

The energy o r  food va lue  of food depends on i t s  chemical composition and 

is expressed i n  l a r g e  c a l o r i e s .  It  i s  considered t h a t  1 gram of p r o t e i n  o r  
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carbohydrates provides 4.1 kcal of  hea t ,  while  1 gram of f a t  provides  9.3 

kca l .  

Consequently, i f  w e  know t h e  chemical composition of food, we  can cal

c u l a t e  its energy value.  

The d i e t  must b e  r a t i o n a l .  The organism must p e r i o d i c a l l y  receive an 

amount of food such t h a t  i t  w i l l  b e  t imely and c o r r e c t  f o r  f u l f i l l i n g  a l l  

energy requirements and t h e r e f o r e  w i l l  maintain t h e  energy equi l ibr ium of t h e  

organism. I n  organizing c o r r e c t  n u t r i t i o n ,  it is a l s o  necessary t o  s t r i c t l y  

maintain t h e  content  of t h e  requi red  vi tamins and inorganic  substances i n  t h e  

food. 

Diverse and c o r r e c t l y  prepared foods w i l l  s a t i s f y  t h e  needs of man f o r  

t h e  necessary food substances.  

P r o t e i n s  

Processes  of d i s s i m i l a t i o n  and a s s i m i l a t i o n  are cons tan t ly  going on i n  

t h e  organism; they involve t h e  breakdown of c e r t a i n  p r o t e i n  substances and 

t h e  formation of o thers ,  wi th  cons tan t  renewal of ce l l  substance.  To balance 

these  two processes,  i t  is necessary t h a t  p r o t e i n s  b e  ingested d a i l y  i n t o  t h e  

organism. P r o t e i n  i n  t h e  human organism is  formed only from p r o t e i n  (from 

i t s  component p a r t s ,  t h e  amino acids)  taken i n  w i t h  t h e  food. It cannot b e  

formed from o t h e r  f o o d s t u f f s  ( f a t s ,  carbohydrates) . 

P r o t e i n s  are t h e  materials which make up a l l  cel ls  of t h e  organism. They 

play an extremely important r o l e  i n  t h e  r e g u l a t i o n  of exchange processes  of 

t h e  organism, and are e s p e c i a l l y  necessary as a background f o r  normal f a t ,  

carbohydrate,  and vi tamin metabolism. For example, wi th  an i n s u f f i c i e n c y  of 

pro te in ,  vitamins are poorly ass imi la ted  o r  no t  ass imi la ted  a t  a l l ,  even when 

t h e r e  are enough of them i n  t h e  food. 
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Approximately 15% of t h e  energy expended by t h e  body is provided by 

pro te in .  

Shortage of p r o t e i n s  i n  t h e  food r a t i o n  is one of t h e  p r i n c i p a l  reasons 

causing a drop i n  t h e  a b i l i t y  of t h e  organism t o  combat i n f e c t i o u s  d iseases ;  

a shor tage  of p r o t e i n  decreases  t h e  i n t e n s i t y  of t h e  hemopoiesis processes ,  

d i s t u r b s  t h e  a c t i v i t y  of t h e  nervous system and endocrine glands and o t h e r  

v i t a l l y  important funct ions.  A prolonged shor tage  of p r o t e i n  may lead  t o  

i r r e v e r s i b l e  d i s r u p t i o n  of t h e  func t ions  of i n d i v i d u a l  organs. 

However, a n  excess of p r o t e i n  is  accompanied by t h e  accumulation of i ts 

incomplete oxida t ion  products i n  t h e  blood, which has  a n  unfavorable e f f e c t  

on t h e  func t ions  of many organs and systems, e s p e c i a l l y  t h e  c e n t r a l  nervous 

system. 

According t o  d a t a  from t h e  I n s t i t u t e  of N u t r i t i o n  of t h e  Academy of 

Medical Sciences of t h e  USSR, t h e  d a i l y  r a t i o n  of an a d u l t  human being,  

depending on t h e  n a t u r e  of h i s  work, must conta in  from 102 t o  154 grams of 

pro te in .  The s c i e n t i f i c a l l y  based d a i l y  norm f o r  an  a d u l t  human being is 

considered t o  b e  (on t h e  average) 1 .5  grams of p r o t e i n  p e r  kilogram of body 

weight. This norm may change depending on age, sex ,  level of phys ica l  and 

mental stress, and c l i m a t i c  condi t ions.  

For an approximate c a l c u l a t i o n  of  t h e  amount of p r o t e i n  i n  t h e  d a i l y  

r a t i o n ,  w e  can use Table 23 (which shows che content  of p r o t e i n  p e r  100 grams 

of product) .  

Bio logica l  o r i g i n  of p r o t e i n  is of g r e a t  importance f o r  t h e  n u t r i t i o n  

of t h e  organism. There are p r o t e i n s  of animal and p l a n t  o r i g i n .  P r o t e i n s  

a r e  broken down i n  t h e  course of cooking i n t o  simpler chemical compounds 
/241amino ac ids .  The amino a c i d s ,  which a r e  absorbed through t h e  w a l l s  of t h e  -

small  i n t e s t i n e ,  pass  i n t o  t h e  blood. The body b u i l d s  its own p r o t e i n  from 

t h e  amino ac ids .  During t h e  course of metabolism, some amino a c i d s  may b e  

251 



TABLE 23. 

-. . _-- ~~ i . . .  - .  

Product Amount of p r o t e i n ,  
grams 

- -~~ ~ ~ .......... ~ = . . . . . . . . . .  L .. . . . . . . . . .  .. 

I 
I

c 

Beef (Grade 1) .............................. 

Pork ........................................ 

Meat of o ther  animals and fowl .............. 

Fresh-water f i s h  ............................ 

Whole cow's milk ............................ 

Cheese ...................................... 

Egg whites  .................................. 

Cottage cheese (curds) (20% f a t  content)  .... 

Cottage cheese ( fa t - f ree)  ................... 

Whole-wheat bread (from Class 1 f l o u r )  ...... 

Rye bread ................................... 

Soy beans .................................. 

Kidney beans ................................ 

Peas ........................................ 

Groats ...................................... 

S w e e t  almonds ............................... 

Walnuts ..................................... 

Peanuts ..................................... 


16.1 
13.9 
13-19 
13-17 

2.8 
20-22.6 
10.6 
11.1 
13.6 

6.7 
5 

28.1 
19.2 
19.3 

6.4-11 
10.6 

6.8 
17.4 

changed i n t o  o t h e r s  according to t h e  needs of t h e  organism. However, t h e  

body is unable t o  develop c e r t a i n  amino acids;  they must b e  suppl ied w i t h  t h e  

food i n  ready form. These amino a c i d s  are c a l l e d  e s s e n t i a l .  Food i n  

which s u f f i c i e n t  amounts of e s s e n t i a l  amino a c i d s  a r e  contained i s  f u l l  

valued. 

Animal p r o t e i n s  are more valuable  than p l a n t  p r o t e i n s ,  s i n c e  they conta in  

t h e  r i g h t  types and amounts of e s s e n t i a l  amino a c i d s ,  e s p e c i a l l y  those such 

as methionine, tryptophan and l y s i n e .  The food r a t i o n  of a d u l t  human beings 

must conta in  no less than 50% p r o t e i n  of animal o r i g i n .  O f  these  pro te ins ,  

t h e  most valuable  are t h e  p r o t e i n s  of d a i r y  o r i g i n ,  s i n c e  methionine is in

cluded i n  t h e i r  composition. This r e g u l a t e s  t h e  a c t i v i t y  of t h e  l iver ,  

vi tamin metabolism, and opera t ion  of c e r t a i n  endocrine glands,  and prevents  

t h e  development of a t h e r o s c l e r o s i s .  However, p r o t e i n s  of p l a n t  o r i g i n  are 
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a l s o  a good source of e s s e n t i a l  amino ac ids  and form the  b e s t  combinations 

wi th  animal p ro te ins .  

Fa t s-

Fats  conta in  almost twice as many c a l o r i e s  as p r o t e i n s  and carbohydrates ,  

and are t h e  p r i n c i p a l  source  of energy. 

Fa t  which e n t e r s  wi th  food and is  not  used i n  the  v i t a l  processes  i s  

s to red  i n  the  c e l l s  beneath t h e  sk in ,  as w e l l  as t h e  loose  connect ive t i s s u e  

surrounding the  i n t e r n a l  organs.  Both subcutaneous and i n t e r n a l  f a t  are 

sources  of energy r e se rves  and are used by the  body during increased phys ica l  

work. This  f a t  has been ca l l ed  reserve o r  s to red  f a t .  The volume of s to red  

f a t  i n  t h e  body changes: i t  decreases  when heavy phys ica l  work i s  performed 

and during s t a r v a t i o n  o r  exhaust ing d i seases ,  and inc reases  as a r e s u l t  of 

i n s u f f i c i e n t  a c t i v i t y  and excessive in t ake  of f a t s  and carbohydrates.  

However, t h e  s i g n i f i c a n c e  of f a t  i s  not  l imi t ed  only t o  i t s  energy 

c h a r a c t e r i s t i c s .  Fa t  i s  necessary f o r  car ry ing  ou t  var ious  v i t a l l y  important 

func t ions  i n  the  body. Being a poor conductor of hea t ,  f a t  p r o t e c t s  t h e  body /242 
a g a i n s t  cooling. Due t o  the  e l a s t i c i t y  and f l e x i b i l i t y  of f a t ,  i t  can p r o t e c t  

the  i n t e r n a l  organs a g a i n s t  shock, v ib ra t ions ,  and displacements.  It makes up 

the  protoplasm of the  c e l l s  i n  t h e  form of complex, r e l a t i v e l y  s t a b l e  compounds 

with pro te ins .  Fat  i n  the  organism may a l s o  be formed from carbohydrates and 

t o  some degree from p ro te ins .  

The b i o l o g i c a l  composition of t he  f a t  employed is  of great importance. 

I n  the  course of cooking, f a t s  break down i n t o  g lyce r in  and f a t t y  ac ids .  

Among t h e  f a t t y  ac ids ,  an important r o l e  is a l s o  played by t h e  so-cal led 

unsaturated f a t t y  ac ids  ( l i n o l e i c ,  l i n o l e n e i c ,  arachidonic)  . They have high 

b i o l o g i c a l  a c t i v i t y ,  s t i m u l a t e  oxida t ion  processes  i n  the  body and prevent  

t h e  development of a t h e r o s c l e r o s i s .  These ac ids  are not  synthesized i n  the  

body ( p r a c t i c a l l y  speaking) ,  and must cons tan t ly  be  taken i n  wi th  t h e  food. 
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Fish o i l  and p l a n t  f a t s  are r i c h e s t  i n  unsa tura ted  f a t t y  a c i d s  (sun

f lower,  corn,  soya and o l i v e  o i l ) .  Such f a t s  as l a r d ,  beef f a t ,  mutton f a t  

and margarine conta in  fewer unsaturated f a t t y  ac ids ,  and are t h e r e f o r e  less 

valuable .  

Together wi th  c e r t a i n  products  i n  the  d i e t ,  fats are sources  of Vitamins 

A, D and E. Fa ts  of animal o r i g i n  are s p e c i a l l y  r i c h  i n  Vitamins A and D 

( b u t t e r ,  f i s h  o i l ) .  P l a n t  f a t s  conta in  Vitamin E. F a t s  are extremely 

necessary f o r  ob ta in ing  Vitamins A, D and E, s i n c e  they are fa t - so lub le  and 

break up r a p i d l y  i n  aqueous so lu t ions .  The presence of fat i n  t h e  gastro

i n t e s t i n a l  tract promotes improved a s s i m i l a t i o n  of t h e s e  vi tamins.  

In add i t ion  to  unsaturated f a t t y  ac ids  and vi tamins,  f a t s  i n  food con

t a i n  b i o l o g i c a l l y  active substances o r  l i p o i d s .  The l i p o i d s  are f a t - l i k e  

substances of complex s t r u c t u r e .  They make up a l l  t i s s u e s  and cel ls  i n  ou r  

body. There are p a r t i c u l a r l y  l a r g e  amoii ts  of them i n  t h e  nerve t i s s u e ,  

e s p e c i a l l y  t h e  b r a i n .  

Among t h e  l i p o i d s ,  we have a group of substances c a l l e d  t h e  phosphatides,  

t he  most important r e p r e s e n t a t i v e  of which i s  l e c i t h i n .  It regulates the 

e x c i t a t i o n  processes  i n  the c e r e b r a l  cor tex ,  thereby  p l ay ing  an fmportant r o l e  

i n  h igher  nervous a c t i v i t y ,  and also prevents  t h e  devdopment of a therosc le ro

sis and l i v e r  d i sease .  L e c i t h i n  is contained i n  l a r g e  amounts in natural milk / 243  

(da i ry)  products.  

breakdown dur ing  ea t ing .  

Fa t s  promote t h e  a s s i m i l a t i o n  of p r o t e i n s  and l i m i t  t h e i r  

With a s u f f i c i e n t  f a t  conten t  in t h e  food r a t i o n ,  

t h e  p ro te ins  are used up more economically. 

The d a i l y  need of t h e  ind iv idua l  f o r  f a t s  is  es t ab l i shed  as a func t ion  

of t h e  type of work and t h e  surrounding condi t ions.  The phys io logica l  norm 

f o r  f a t s  varies from 105 t o  150 grams, amounting t o  30% of t h e  e n t i r e  d a i l y  

c a l o r i c  content  of t he  food. Here we,are consider ing f a t s  i n  pure form 

( b u t t e r  and vegetable  o i l ,  grease) and the  f a t s  which go t o  make up o ther  

food products (meat, f i s h ,  curds,  milk, eggs). From 70 t o  80%of the  f a t s  
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which are taken i n  by t h e  body wi th  food must conta in  r e a d i l y  a s s imi l ab le  

and vi tamin-r ich animal f a t s ,  mainly b u t t e r .  I n  a balanced d i e t ,  t h e  normal 

amount of f a t  must correspond t o  t h e  normal amount of p r o t e i n s ,  i . e . ,  f o r  each 

kilogram of body weight 1 .5  grams of f a t  are requi red .  For persons doing 

mental l abo r  and f o r  t h e  e l d e r l y ,  t h e  norm is  l gram of f a t  per  kilogram of 

body weight. 

Fa t s  are a s s imi l a t ed  most completely i f  t h e  food r a t i o n  (made up of f a t s ,  

p r o t e i n s  and carbohydrates) is cha rac t e r i zed  by t h e  r a t i o  1:1:4. F a i l u r e  t o  

observe t h i s  r u l e  w i l l  d i s r u p t  t h e  a s s i m i l a t i o n  of food substances.  

Persons of advanced age should l i m i t  t h e  use  of f a t s  somewhat. Vegetable 

f a t s  should outnumber animal f a t s  i n  t h e i r  food r a t i o n .  

C-arJb-ohydrates 

Carbohydrates, l i k e  f a t s ,  provide a source  of energy f o r  t h e  body. I n  an  

ord inary  mixed d i e t ,  carbohydrates provide about 60% of t h e  d a i l y  c a l o r i c  

content.  Carbohydrates i n  t h e  form of sugars  o r  more complex compounds ( s t a r c h  

and c e l l u l o s e )  are contained p r imar i ly  i n  food products of p l an t  o r ig in ;  t h e r e  

are few of them i n  animal products.  

Enter ing  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  carbohydrates (sugars and s t a r c h e s )  

are broken dawn under the in f luence  of d i g e s t i v e  j u i c e s  i n t o  s i m p l e  sugar 

substances (glucose,  f r u c t o s e  and ga lac tose ) .  These substances a r e  r e a d i l y  /244 
absorbed by the  w a l l  of t h e  g a s t r o i n t e s t i n a l  t ract  and e n t e r  t he  blood, 

a f te rwards  t h e  l i v e r .  I n  t h e  l i v e r ,  glycogen is  synthes ized  from t h e  glucose 

- t h i s  i s  so-called animal s t a r c h .  Then, however, t h e  glycogen is converted 

i n t o  a phosphorus compound and then i n t o  glucose, which e n t e r s  t h e  blood. The 

blood c a r r i e s  t h e  glucose t o  a l l  t h e  organs and t i s s u e s .  The completeness of 

carbohydrate metabolism depends on t h e  i n t e n s i t y  of t h e  ox ida t ion  processes  

i n  t h e  organism. A s i g n i f i c a n t  p o r t i o n  of the carbohydrates  is  oxidized t o  

form f i n a l  products,  w a t e r  and carbohydrates. I f  t h e r e  is an excess of 

carbohydrates i n  t h e  organism, they are converted t o  f a t s  and s t o r e d  i n  t h e' 255 



subcutaneous f a t t y  cells and around t h e  i n t e r n a l  organs. Food r i c h  i n  

carbohydrates improves t h e  opera t ion  of muscles and t h e  heart, and i n c r e a s e s  

t h e  p r o d u c t i v i t y  of mental  l abor .  

A shor tage  of carbohydrates i n  t h e  d i e t  is t h e  p r i n c i p a l  cause of forma

t i o n  and depos i t ion  of f a t s  i n  t h e  body. Carbohydrates, l i k e  f a t s ,  when n o t  

taken i n  wi th  t h e  d i e t  i n  s u f f i c i e n t  q u a n t i t i e s ,  may be formed i n  t h e  body 

from f a t s  and pro te ins .  But t h e  p r o t e i n s ,  as w e  have a l ready  s a i d ,  can only  

b e  formed from food p r o t e i n ,  With increased muscular work, a s u f f i c i e n t  

q u a n t i t y  of carbohydrates i n  t h e  r a t i o n  prevents  t h e  breakdown of f a t s  and 

p r o t e i n s .  I n  t h e  event  of a shor tage  of carbohydrates,  t h e  f a t s  are oxidized 

first, and then t h e  pro te ins .  

Among t h e  carbohydrates,  t h e  most important energy sources  are t h e  

complex compounds (polysaccharides) ,  p r imar i ly  s t a r c h .  The polysaccharides  

are very widely d i s t r i b u t e d  i n  nature:  s t a r c h  and c e l l u l o s e  are t h e  reserve 

and support ing substances of p l a n t s .  S ta rch  is s t o r e d  i n  t h e  leaves of p l a n t s ,  

seeds,  tubers ,  and rhizomes. 

Carbohydrates are contained pr imar i ly  i n  products  which are rich i n  
s t a r c h  and sugar  (bread and r o l l s  and p a s t r y  products,  g r o a t s ,  macaroni 

products ,  potatoes ,  sugar and honey, as w e l l  as b e r r i e s  and f r u i t s ) .  

The content  of s t a r c h  i n  g r o a t s  is 70 t o  80%; it  is  40 t o  50% i n  bread and 

25% i n  potatoes .  

Cel lu lose  makes up most of t h e  organic  substance on Earth. Cel lu lose  

e n t e r s  t h e  human body i n  l a r g e  amounts w i t h  p l a n t  products.  The i n t e s t i n e  

does n o t  conta in  enzymes which break down c e l l u l o s e ,  so  t h a t  i t  is  absorbed 

only s l i g h t l y  by t h e  organism and has  no s i g n i f i c a n c e  as a source of energy. 

However, c e l l u l o s e  p lays  a n  important r o l e  i n  t h e  d i g e s t i v e  process.  By 

mechanically s t i m u l a t i n g  t h e  w a l l s  of t h e  i n t e s t i n e ,  i t  activates p e r i s t a l s i s  

and thereby promotes movement of t h e  food along t h e  d i g e s t i v e  canal .  

-I 2 4 5  
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It should b e  mentioned t h a t  simple sugar  substances (monosaccharides) 

are very r a p i d l y  absorbed. Glucose, f o r  example, i s  absorbed 5 t o  10 minutes 

a f t e r  e n t e r i n g  t h e  stomach. On t h e  o ther  hand, t h e  process  of s t a r c h  break

down t o  simple sugar substances and t h e i r  absorpt ion r e q u i r e s  a much longer 

t i m e .  Therefore,  f o r  rap id  s a t i s f a c t i o n  of energy requirements, i t  is  necessary 

t o  give t h e  body sugar,  whi le  f o r  slower and more r e g u l a r  absorp t ion  of carbo

hydra tes ,  products containing s t a r c h  are used. 

The average d a i l y  need of a hea l thy  i n d i v i d u a l  i s  7 t o  8 grams of carbo

hydra te  per  kilogram of body weight. 

Vitamins 

Vitamins h e l p  t o  form enzymes and p a r t i c i p a t e  i n  metabolic processes.  

Vitamins r e g u l a t e  t h e  d i r e c t i o n  and ra te  of t h e  biochemical processes most 

important f o r  l i f e ,  a c t i v a t e  t h e  p r o t e c t i v e  r e a c t i o n s  of t h e  body when i t  is  

subjected t o  t h e  a c t i o n  of d i s e a s e  microbes, r a d i o a c t i v e  r a d i a t i o n ,  var ious  

t o x i c  substances and so  on. 

There are more than 30 known vitamins.  Seventeen of them are most 

important f o r  t h e  human organism. Vitamins have condi t iona l ly  been assigned 

le t te rs  of t h e  L a t i n  a lphabet  and have chemical names. 

Vitamins may be divided i n t o  w a t e r  and fa t - so luble  types,  depending on 

how they a r e  dissolved.  Water-soluble vi tamins inc lude  Vitamin C ,  vitamins 

of t h e  B group, Vitamins PP, H1 (paraaminobenzoic a c i d ) ,  chol ine  and V i t a m i n  

P ,  whi le  Vitamins A ,  D, E ,  K and F are fat-soluble .  

Vitamin C (ascorb ic  ac id)  i s  contained i n  l i t e r a l l y  a l l  of t h e  t i s s u e s  

of t h e  body. This  i n d i c a t e s  i t s  importance f o r  phys io logica l  processes.  The 

l a r g e s t  amounts of t h i s  vi tamin are found i n  t h e  b r a i n ,  adrena l  glands,  and 

h e a r t  muscle. When t h e  body l a c k s  s u f f i c i e n t  Vitamin C, t h e  permeabi l i ty  of I246  

t h e  vascular  w a l l s  i n c r e a s e s  s o  t h a t  elements of t h e  blood may pass  out  through 

these  w a l l s  i n t o  t h e  surrounding t i s s u e .  



A s  w e  have a l ready  s a i d  more than once, Vitamin C p lays  an  extremely 

important r o l e  i n  metabolic processes.  The reducing (deoxidizing) p r o p e r t i e s  

of t h i s  vi tamin a l low i t  t o  p a r t i c i p a t e  i n  oxidation-reduction processes.  As 
a c a t a l y s t ,  i t  r e a d i l y  reduces t h e  oxidized forms of enzymes. A t  t h e  present  

t i m e ,  t h e  i n f l u e n c e  of Vitamin C on carbohydrate and p r o t e i n  metabolism has  

been d e f i n i t e l y  es tab l i shed .  

The cel ls  of the  c e n t r a l  nervous system are p a r t i c u l a r l y  s e n s i t i v e  t o  

a shor tage  of Vitamin C. When t h i s  happens, t h e  cel ls  undergo complex 

biochemical changes which d i s r u p t  t h e i r  s t r u c t u r e .  The f u n c t i o n a l  changes 

t h a t  arise i n t e n s i f y  t h e  shor tage  of Vitamin C i n  t h e  body. 

I n v e s t i g a t o r s  f e e l  t h a t  Vitamin C normalizes t h e  phys io logica l  func t ions  

of t h e  nervous system and creates condi t ions  f o r  i t s  regula tory  e f f e c t  on t h e  

b a s i c  v i t a l  processes.  

With a shortage of  Vitamin C,  t h e r e  i s  a reduct ion  i n  t h e  r e s i s t a n c e  of 

t h e  body t o  i n f e c t i o u s  d i s e a s e s  , working a b i l i t y  decreases ,  apathy and 

f a t i g u e  develop, and t h e r e  i s  rap id  onset  of exhaustion. 

Vitamin C i s  found pr imar i ly  i n  t h e  dog r o s e ,  b lack  c u r r a n t ,  horseradish,  

green onion, red  and whi te  cabbage, rad ish ,  tomato, dock, orange, lemon, 

mandarin and apple  (Antonovka v a r i e t y ) .  

Vitamin B 1 (thiamine) has  a powerful r e g u l a t i n g  ac t ion ,  pr imar i ly  on 

metabolic processes.  This  vi tamin plays an  e s p e c i a l l y  important r o l e  i n  

carbohydrate metabolism. This vi tamin a l s o  has  a n  important in f luence  on 

o t h e r  forms of metabolism: p r o t e i n ,  f a t ,  water and mineral .  

A shortage of Vitamin B1 i n  t h e  body w i l l  l ead  t o  d i s r u p t i o n  of metabolic 

processes;  t o x i c  products w i l l  accumulate i n  t h e  organism, and var ious  d i s o r d e r s .  

w i l l  develop as a r e s u l t .  Usually an  i n c r e a s e  i n  f a t i g u e  and t i r e d n e s s  i n  

t h e  l e g s  occurs a t  t h e  beginning; t h e r e  i s  a d e t e r i o r a t i o n  of t h e  a p p e t i t e ,  

and t h e  d i g e s t i v e  system is upset.  Then t h e r e  is  increased i r r i t a b i l i t y ,  l a c k  1247 
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of s l e e p ,  d i s t r a c t i o n  and depression;  t h e  work of t h e  cardiovascular  system 

i s  dis turbed;  shor tness  of b r e a t h  and pounding of t h e  h e a r t  develop following 

phys ica l  exer t ion .  With a severe  shor tage  of Vitamin B1’ t h e r e  is damage t o  

t h e  p e r i p h e r a l  nerves ,  s o  t h a t  a loss  of s e n s i t i v i t y  and even p a r a l y s i s  of 

t h e  e x t r e m i t i e s  may develop. 

Suppl ies  of Vitamin B1 are n o t  formed i n  t h e  body, and t h i s  means t h a t  i t  

must be introduced d a i l y  wi th  t h e  food; wi th  increased consumption, i t  may 

need t o  b e  given i n  t h e  form of  s p e c i a l  p repara t ions .  Vitamin B i s  contained1 

i n  r y e  f l o u r  and coarse ly  ground wheat, i n  buckwheat and o a t  g r a i n s ,  m e a t ,  

l i v e r  and kidneys. Bran, y e a s t  and baking y e a s t  are r i c h e s t  i n  t h i s  vitamin. 

An a d u l t  human being must r e c e i v e  2 t o  3 milligrams of Vitamin B each1 

day. I n  general ,  however, t h i s  dose depends on t h e  requi red  n u t r i t i o n ,  t h e  

i n t e n s i t y  of metabolism, a c t i v i t y ,  stress and t h e  n a t u r e  of t h e  work. The 

more i n t e n s i v e  t h e  mental and phys ica l  work, t h e  more carbohydrates i n  t h e  

d i e t ,  t h e  g r e a t e r  t h e  need f o r  Vitamin B1’ 


Vitamin B 2 ( r i b o f l a v i n )  makes up t h e  enzymes which r e g u l a t e  t h e  oxidation-

reduct ion processes  i n  t h e  body. It  e n t e r s  t h e  body toge ther  w i t h  t h e  food, 

b u t  a c e r t a i n  amount of i t  i s  synthesized by i n t e s t i n a l  b a c t e r i a .  

I n  t h e  case of a shor tage  of Vitamin B 2’ t h e  metabolism i n  t h e  body i s  

d is rupted  (pr imar i ly  carbohydrate and p r o t e i n  metabolism). There i s  a 

d e t e r i o r a t i o n  of t h e  use of p r o t e i n  i n  t h e  body. A high content  of p r o t e i n  

i n  t h e  food increases  t h e  need of t h e  body f o r  t h i s  vitamin, whi le  a low 

p r o t e i n  content  has t h e  oppos i te  e f f e c t ,  reducing i t .  Recently,  d a t a  have 

been obtained which i n d i c a t e  a p o s i t i v e  inf luence  of B 2 on t h e  s y n t h e s i s  of 

f a t s  and hemoglobin i n  t h e  body. 

Vitamin B 2 is necessary f o r  t h e  a c t i v i t y  of t h e  c e n t r a l  nervous system 

and t h e  s e n s i t i v e  nerve endings,  s i n c e  t h i s  is where t h e  most i n t e n s i v e  

t i s s u e  r e s p i r a t i o n  takes  place.  With a shor tage  of Vitamin B2 i n  t h e  d i e t ,  
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t h i s  i n t e n s i t y  decreases ,  l ead ing  t o  a d i s r u p t i o n  of many func t ions  i n  t h e  body. 

This takes  t h e  form of a decrease i n  a p p e t i t e ,  a drop i n  body weight,  develop

ment of headaches, weakness, inflammatory processes  of t h e  mucous membranes 

of t h e  eyes, l i p s  and areas of s k i n  near  them. I n  addi t ion ,  a shortage of / 2 4 8  

Vitamin B 2 l e a d s  t o  a drop i n  v i s u a l  a c u i t y  and co lor  s e n s i t i v i t y  of t h e  eye. 

Dark adapta t ion  takes  p lace  much more r a p i d l y  i f  Vitamin B 2 i s  administered 

toge ther  wi th  Vitamin A. 

Yeast, egg whi tes ,  milk, beef l i v e r  and kidneys, m e a t  and f i s h  are 

r i c h e s t  i n  Vitamin B2'  No supply of t h i s  vi tamin e x i s t s  i n  t h e  body. I n  t h e  

event  of increased neuro-psychic o r  p h y s i c a l  stress, t h e  need of  t h e  body f o r  

Vitamin B increases .2 

Vitamin B3 (pantothenic  a c i d )  pr imar i ly  r e g u l a t e s  t h e  f i n a l  s t a g e  of 

metabolism of p r o t e i n s ,  fa ts ,  and carbohydrates.  A shor tage  of t h i s  vi tamin 

i n  t h e  body is  seen very r a r e l y .  It  is  contained i n  a l l  food products ,  bu t  

beef l i v e r  and kidneys,  egg yolks ,  yeas t ,  m e a t ,  buckwheat, r y e ,  wheat, red 

cabbage and pota toes  are r i c h e s t  i n  i t .  

Vitamin B6 (pyridoxine) p a r t i c i p a t e s  i n  t h e  metabolism of p r o t e i n s  and 

fats. It a l s o  promotes t h e  formation of hemoglobin, and p l a y s  an  important 

r o l e  i n  metabolic processes  i n  t h e  bra in .  

Vitamin B 6 is contained i n  many f o o d s t u f f s  of animal and p l a n t  o r i g i n ;  

i t  is  found i n  p a r t i c u l a r l y  l a r g e  amounts i n  egg yolk,  fresh-water f i s h ,  

animal l iver ,  milk, yeas t ,  f r e s h  green peppers,  c a r r o t s  and wheat. 

Vitamin B9 ( f o l i c  ac id)  p a r t i c i p a t e s  i n  t h e  s y n t h e s i s  of chol ine,  

c e r t a i n  amino ac ids  and n u c l e i c  a c i d s ,  and a f f e c t s  t h e  formation of  erythro

cytes  and thrombocytes. Data are a v a i l a b l e  i n d i c a t i n g  t h a t  Vitamin B9 pre

vents  t h e  development of a t h e r o s c l e r o s i s .  This vi tamin i n t e r a c t s  i n  t h e  

organism wi th  Vitamins C and B 12'  
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Vitamin B9 is contained i n  spinach, cabbage, beans, beef l iver ,  and 

chicken fa t .  The d a i l y  need f o r  t h i s  vi tamin is  2 t o  5 milligrams. 

Vitamin B12 (cyanocobalamin) p a r t i c i p a t e s  pr imar i ly  i n  t h e  biochemical 

formation of elements of t h e  blood and bone marrow. I n s u f f i c i e n t  amounts of 

t h i s  vi tamin i n  t h e  body lead t o  d i s r u p t i o n  of t h e  hemopoietic process.  

Vitamin B12 has an extremely favorable  e f f e c t  on t h e  c e n t r a l  nervous 

system. It has  been es tab l i shed  r e c e n t l y  t h a t  t h i s  vi tamin has  a p o s i t i v e  

e f f e c t  on t h e  growth process of man and on t h e  a c t i v i t y  of t h e  h e a r t  muscle. 

Vitamin B12 i s  contained pr imar i ly  i n  products  of animal o r i g i n .  It is 

found i n  p a r t i c u l a r l y  l a r g e  amounts i n  animal and f i s h  l iver  ( s h e a t f i s h ,  p ike ,  

perch, cod) as w e l l  as caviar ,  while  i t  is  somewhat less p l e n t i f u l  i n  egg yolk,  

f r e s h  m e a t  and milk. 

Vitamin B1 5  (pangamic acid,  pangametin) i s  h ighly  e f f e c t i v e  i n  pathologi

cal  processes  accompanying oxygen i n s u f f i c i e n c y  i n  t h e  t i s s u e s .  It promotes 

t h e  i n a c t i v a t i o n  of var ious t o x i c  products formed w i t h i n  t h e  body and admitted 

from t h e  e x t e r n a l  environment. 

Vitamin PP ( n i c o t i n i c  a c i d ) ,  together  w i t h  c e r t a i n  vi tamins,  makes up a 

complex enzyme system and p a r t i c i p a t e s  i n  carbohydrates p r o t e i n ,  and o t h e r  

forms of metabolism. 

Vitamin PP a f f e c t s  t h e  f u n c t i o n a l  state of t h e  cardiovascular  and c e n t r a l  

nervous systems . 

A shor tage  of Vitamin PP i n  t h e  body d i s r u p t s  t h e  a c t i v i t y  of t h e  c e n t r a l  

nervous system ( leading  t o  t h e  development of f a t i g u e ,  l a c k  of s leep ,  de te r io

r a t i o n  of t h e  memory, which, i n  tu rn ,  i s  t h e  causes  of f u n c t i o n a l  d i s r u p t i o n s  

involving o t h e r  organs and systems. I n  a d d i t i o n ,  a l a c k  of Vitamin PP may 

lead  t o  t h e  development of p e l l a g r a ,  a d i s e a s e  which is  charac te r ized  by 

inflammatory processes  on t h e  sk in ,  d i a r r h e a ,  and a drop i n  t h e  level of 

261 



psychic a c t i v i t y .  The cause of t h e  d i sease  is  d i s r u p t i o n  of p r o t e i n  metabolism. 

The development of p e l l a g r a  i s  promoted by a shor tage  of Vitamins A, C, B1, 

B2 and B 6 i n  t h e  d i e t .  

Vitamin PP is  contained i n  var ious  products ,  b u t  i t  is found mostly i n  

yeas t ,  l i v e r  and kidneys, milk,  and c e r e a l s  ( e s p e c i a l l y  bran) .  

Vitamin H1 (para-aminobenzoic acid,  PABA) p a r t i c i p a t e s  i n  t h e  formation 

of s k i n  pigment ( t an )  and h a i r ,  has  a p o s i t i v e  e f f e c t  on the  func t ion  of t h e  

reproduct ive glands,  and prevents  b u m s  caused by u l t r a v i o l e t  rays .  A sys te 

matic i n su f f i c i ency  of t h i s  ac id  i s  indica ted  f i r s t  of a l l  by a l o s s  of h a i r .  

Sources inc lude  yeas t ,  sp rou t s  from g r a i n  o r  cereal p l a n t s ,  l iver  and mushrooms. 

Choline promotes t h e  exc re t ion  of fat frm t h e  l i v e r  and c h o l e s t e r o l  from I 2 5 0  

t h e  body, and serves as a s t r u c t u r a l  material for l e c i t h i n .  I n  case  of pro

longed l a c k  of chol ine  i n  t h e  d i e t  and a l imi t ed  u t i l i z a t i o n  of p ro te in ,  severe  

d i s r u p t i o n s  of t h e  func t ion  of t h e  liver ( c i r r h o s i s )  may develop. 

Choline i s  contained i n  egg yolk,  b r a i n  t i s s u e ,  f r e s h  milk and sp rou t s  

from g ra ins  of c e r e a l  p l a n t s .  

Vitamin P ( r u t i n )  i nc reases  t h e  s t r e n g t h  of t he  c a p i l l a r i e s  (reduces t h e i r  

permeabi l i ty ) ,  prevent ing the  formation of subcutaneous hemorrhages i n  rad ia

t i o n  d isease ,  has a favorable  e f f e c t  on t h e  hea l ing  process  i n  wounds and 

f r o s t  b i t e ,  s t imu la t e s  t h e  formation of cer taZn elements of t h e  blood, and 

a l s o  p r o t e c t s  Vitamin C aga ins t  oxidat ion.  

Vitamin P is contained i n  lemons, oranges,  mandarins, dog rose ,  b lack  

cur ran t ,  tea and pepper. 

Vitamin A (axerophthol) s t imu la t e s  t h e  growth and m u l t i p l i c a t i o n  of 

cells and a l s o  maintains  t h e  normal condi t ion of t he  cutaneous coverings and 

mucous membranes. I n  add i t ion ,  Vitamin A i s  necessary f o r  normal func t ion ing  
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of t h e  reproduct ive apparatus  and t h e  organs of v i s i o n  ( t h e  vi tamin is con

ta ined  i n  t h e  o p t i c a l  purpura. 

With a shor tage  o r  absence of Vitamin A, t h e r e  may b e  k e r a t o s i s  of t h e  

epi thel ium, dryness  of t h e  s k i n  and mucous membranes, H decrease i n  t h e  t o t a l  

r e s i s t a n c e  of t h e  body t o  i n f e c t i o n ,  and such d i s e a s e s  as xeroophthalmia and 

hemeralopia ("night blindness") may a l s o  develop. I n  xerophtalmia,  t h e  

r e t i n a  of t h e  eye is i r r i t a t e d ,  which i n  s e r i o u s  cases can lead  t o  a l o s s  of 

s i g h t .  I n  hemeralopia t h e r e  is  a sharp d e t e r i o r a t i o n  of n i g h t  (dusk) v i s i o n .  

Vitamin A i s  contained only i n  animal food. I n  products  of p l a n t  o r i g i n ,  

t h e r e  are so-called carotenes,  which are converted t o  Vitamin A when taken 

i n t o  t h e  body. This vi tamin may be s t o r e d  i n  t h e  l i v e r .  The substances 

r i c h e s t  i n  Vitamin A are f i s h  o i l ,  l iver ,  b u t t e r ,  while  c a r r o t ,  squash, 

l e t t u c e ,  green peas,  a p r i c o t s ,  peaches, whor t leber r ies ,  c u r r a n t s  and dog 

rose  are r i c h  i n  carotene.  

The d a i l y  r a t i o n  of t h e  human be ing  must conta in  about 1-112 mill igrams of 

Vitamin A o r  3.5 mill igrams of carotene.  

For members of t h e  f l i g h t  crew,  whose work involves  considerable  v i s u a l  

stress, t h e  need f o r  Vitamin A exceeds t h e  ind ica ted  d a i l y  dose. 1251 

Vitamin D ( c a l c i f e r o l )  s t i m u l a t e s  t h e  growth of t h e  body, r e g u l a t e s  t h e  

carbohydrate and phosphorus-calcium metabolism and metabolism of magnesium and 

i ron ,  and also promotes an i n c r e a s e  i n  t h e  supply of glycogen i n  t h e  l iver and 

muscles. I n  c h i l d r e n  wi th  a l a c k  of Vitamin D i n  t h e  d i e t ,  phosphorus-

calcium metabolism is d is rupted ,  and a s e r i o u s  d i s e a s e  c a l l e d  r i c k e t s  develops 

as a r e s u l t .  

Vitamin D is  contained only  i n  products  of a n i m a l  o r i g i n ,  e s p e c i a l l y  t h e  

l i v e r  of  animals and c e r t a i n  f i s h .  
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Vitamin E ( tocopherol)  r egu la t e s  t h e  func t ion  of reproduct ion,  has an 

inf luence  on the  p ro te in ,  carbohydrate and f a t  metabolism, and p a r t i c i p a t e s  

i n  the  syn thes i s  of t h e  nuc lear  substances of t h e  c e l l s .  With a shor tage  of 

t h i s  vi tamin i n  the  body, t h e r e  is  a d i s r u p t i o n  of the  reproduct ive  func t ion ,  

as w e l l  as dys t rophic  changes i n  t h e  muscles. 

Vitamin E is  found i n  p l a n t  o i l s  and cereal sprouts .  

Vitamin K (v i caso l )  s t imu la t e s  t h e  development of prothrombin in the 

l i v e r ,  and, consequently,  e f f e c t s  coagula t ion  of t he  blood. It also p a r t i c i 

pates i n  oxida t ion  processes  i n  t h e  body. 

Vitamin K is contained i n  spinach, cabbage, l e t t u c e  and n e t t l e s .  

Vitamin F (unsaturated f a t t y  ac ids  - l i n o l e i c ,  l i n o l e n i c  and arachidonic)  

has  a s i g n i f i c a n t  e f f e c t  on f a t  metabolism, and a l s o  a c t i v a t e s  t h e  exc re t ion  

of c h o l e s t e r o l  from t h e  body. With a shor tage  of t h i s  vi tamin,  eczema 

develops and the  sec re to ry  func t ion  of t h e  stomach i s  d i s rup ted .  

Vitamin F is contained i n  p l a n t  o i l s  and f i s h  o i l .  

The d a i l y  need of human be ings  f o r  Vitamin F w i l l  b e  s a t i s f i e d  if t h e  

food r a t i o n  conta ins  15 t o  20 grams of vege tab le  o i l .  

The d a i l y  doses  of vi tamins requi red  f o r  a grown ind iv idua l  under 

ord inary  normal condi t ions  of v i t a l  a c t i v i t y  are shown i n  Table  24. 

A shor tage  of vi tamins o r  d i s r u p t i o n  of vi tamin metabolism i n  t h e  body 

may develop a s  a r e s u l t  of a shor tage  of t hese  substances in t h e  food and a 

d i s rup t ion  i n  absorpt ion i n  t h e  g a s t r o i n t e s t i n a l  t r a c t .  V i t a l  metabolism may 

be  d is rupted  under prolonged condi t ions  of oxygen insu f f i c i ency ,  as w e l l  as 

under condi t ions of very high o r  very low temperature of t h e  surrounding a i r  

and wi th  high phys ica l  stress. 
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TABLE 24. 

K 

15 

With oxygen i n s u f f i c i e n c y ,  t h e r e  is a decrease i n  the a c t i v i t y  of 

r e s p i r a t o r y  enzymes; t h i s  becomes more n o t i c e a b l e  as t h e  p a r t i a l  p ressure  of 

oxygen decreases  and t h e  t i m e  spent  a t  high a l t i t u d e s  increases .  A s  a r e s u l t ,  

a shortage of vi tamins i n  groups B,  A ,  C ,  P and PP appears i n  t h e  body. 

A s  w e  have a l ready  mentioned more than once, i n  order  t o  avoid these  

problems, and t h e r e f o r e  t o  i n c r e a s e  t h e  r e s i s t a n c e  of t h e  body t o  oxygen in

s u f f i c i e n c y ,  i t  i s  necessary before  making an ascent  t o  have a d d i t i o n a l  com

plexes of vitamins.  Thus, f o r  example, i t  w a s  found t h a t  under condi t ions of 

oxygen i n s u f f i c i e n c y  and increased p h y s i c a l  stress, i n  order  t o  cover t h e  needs 

of t h e  body f o r  vi tamins,  i t  w a s  necessary t o  i n c r e a s e  t h e  d a i l y  i n t a k e  of 

Vitamins A, C,  B1, B 6 ,  P and PP by a f a c t o r  of 5. 

With high a i r  temperature (25-50°C) and performance of moderate and heavy / 2 5 3  

phys ica l  l a b o r ,  i t  might b e  recommended t o  have t h e  d a i l y  dose of vitamins 

given i n  Table 25. 

TABLE 25.  

-
Vitamin [-j: c I PP 

I__-_ 


Daily dose,  mg 2-3 100-150 I 30 
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A t  low a i r  temperatures (working under p o l a r  condi t ions ,  as w e l l  as i n  

o t h e r  areas with a harsh cl imate)  i t  might b e  recommended t o  have t h e  d a i l y  

dose of vitamins ind ica ted  i n  Table 26. 

Daily dose,  mg I 3 1 5 1 5 I 150 1 30-40 

Since many vi tamins are not  s tored  i n  t h e  body (excess  amounts are 

excre ted) ,  unfavorable e f f e c t s  due t o  taking vi tamins are very r a r e l y  seen. 

Cases are known i n  medical p r a c t i c e  of s e r i o u s  problems i n  t h e  body t h a t  

a r o s e  as a r e s u l t  of tak ing  vi tamin prepara t ions  i n  amounts which exceeded t h e  

d a i l y  dose by hundreds of t i m e s .  Thus, f o r  example, when a l a r g e  dose of 

Vitamin B 1 is  taken (hundreds of mill igrams a day), b r i e f  i n t o x i c a t i o n  i s  

observed, charac te r ized  by a g i t a t i o n ,  insomnia, speeding up of t h e  pulse ,  

d i z z i n e s s ,  headache, and spasms i n  s e r i o u s  cases. 

I n  t h e  case of l a r g e  doses of concentrates  of Vitamin A, (one m i l l i o n  IU 

o r  more ) severe i n t o x i c a t i o n  develps,  accompanied by severe  headache, f a t i g u e ,  

nausea, reddening of t h e  mucous membranes and s k i n .  

I n  t h e  case of c h i l d r e n  who have taken a dose of Vitamin D a hundred t i m e s  

g r e a t e r  than t h e  recommended dose,  t h e r e  i s  a sharp drop i n  a p p e t i t e ,  headache, 

a g i t a t i o n ,  f a t i g u e ,  nausea, d i a r r h e a  and spasms. 

Unfavorable consequences may follow d a i l y  excessive use of l iver  from 

marine f i s h  and animal l iver ,  s i n c e  t h i s  organ conta ins  a l a r g e  amount of 

vi tamins.  

It should b e  emphasized i n  p a r t i c u l a r  t h a t  vi tamins i n t e r a c t  no t  only 

wi th  one another,  b u t  w i t h  o t h e r  food substances.  It is  a l s o  known t h a t  
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vitamins make up enzyme systems which have a powerful b i o l o g i c a l  c f f e c t  as 

c a t a l y s t s  i n  a complicated and continuous c y c l e  of metabolism i n  t h e  body. 

The l a c k  o r  i n s u f f i c i e n c y  i n  t h e  body of one of t h e  vi tamins l e a d s  t o  exclusion 

of one of t h e  l i n k s  i n  t h i s  cyc le  and breaks up t h e  course of metabolic 

processes  i n  o t h e r  branches. Therefore,  i t  i s  necessary t o  u s e  vi tamin 

complexes i n  t h e  d i e t  and t o  determine c o r r e c t l y  t h e  q u a n t i t a t i v e  content  of /254 
var ious  vi tamins i n  i t ,  depending on t h e  n a t u r e  of t h e  work and t h e  condi t ions  

of t h e  surrounding medium. U n j u s t i f i e d  i n c l u s i o n  i n  t h e  d i e t  of a l a r g e  dose 

of one o r  several vi tamins may lead  t o  unfavorable consequences. 

Mineral Substances and Water 

~Mineral substances.  Some of these  make up t h e  protoplasm of a l l  t h e  

ce l l s  of t h e  body, whi le  o t h e r s  c i r c u l a t e  i n  t h e  body t o  r e g u l a t e  and r e i n f o r c e  

var ious chemical processes .  Mineral  substances provide t h e  necessary level of 

osmotic pressure  i n  t h e  t i s s u e s  and b i o l o g i c a l  f l u i d s  and p a r t i c i p a t e  w i t h  t h e  

p r o t e i n s  i n  maintaining a constant  level of a c t i v e  r e a c t i o n  of t h e  medium. 

Cer ta in  mineral  substances promote normal funct ioning of organs and t i s s u e s .  

The most important r o l e  i n  t h e  body is played by sodium, potassium, cal

cium, magnesium, i ron ,  c h l o r i n e ,  phosphorus and s u l f u r .  Of these ,  t h e  f i r s t  

four  have a p o s i t i v e  e f f e c t  on t h e  a c t i v i t y  of t h e  c e n t r a l  nervous system, 

h e a r t ,  and s k e l e t a l  musculature. Calcium i s  t h e  p r i n c i p a l  component i n  bone 

t i s s u e .  

Potassium i s  contained i n  l a r g e  amounts i n  d r i e d  a p r i c o t s ,  r a i s i n s ,  

cabbage, po ta toes  and dog rose; calcium i s  found i n  milk,  cheese,  egg yolks  

and c e r t a i n  vegetables;  magnesium is  found i n  b lack  bread,  bran ,  buckwheat, 

g roa ts ,  c a r r o t s  and vegetables .  

I r o n  i s  found i n  organic  and inorganic  compounds. It i s  i n  hemoglobin 

and myoglobin, and p lays  an  important r o l e  i n  hemopeisis and oxida t ion  

processes.  I r o n  i s  contained i n  l a r g e  amounts i n  egg yolk,  l iver,  m e a t ,  

coarse ly  ground wheat f l o u r ,  curds,  f r u i t  and spinach. 
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Chlorine i s  contained i n  t h e  body p r i m a r i l y  i n  t h e  form o f  compounds 

wi th  sodium and t o  a lesser degree wi th  calcium. It has an e f f e c t  on t h e  

a c t i v i t y  of nerve cel ls  and p a r t i c i p a t e s  i n  d i g e s t i o n  because i t  is a com

ponent p a r t  of t h e  hydrochlor ic  a c i d  i n  t h e  g a s t r i c  j u i c e .  

Phosphorus and i t s  compounds are e s p e c i a l l y  important as f a r  as t h e  

a c t i v i t y  of t h e  c e n t r a l  nervous system is concerned. Phosphorus is found i n  

l a r g e  amounts i n  b r a i n ,  l iver,  cheese, egg yolk,  f i s h ,  m e a t  and buckwheat 

groats .  

S u l f u r  i s  a necessary component of t h e  amino a c i d s  t h a t  make up many 

pro te ins .  

The d a i l y  need of t h e  organism of an a d u l t  human be ing  f o r  mineral  sub

s tances  is out l ined  i n  Figure 27. 

TABLE 27. 

-/255 

~~ ~ ~. 

Substance Sodium Potas- Calcium Magne- I r o n  Chlorine Phosphorus 
s 

. 
i u m  

. .  _ _  - sium I 
Daily re- 4- 6 2- 5 0.8-1.0 4-6 1.5-2 
quirement, 
grams 

On a normal d i e t  the body receives the necessary amount of mineral  salts .  

Only sodium chlor ide  (cooking sa l t )  usua l ly  i s  e a t e n  i n  a n  amount which i s  

much g r e a t e r  than t h e  phys io logica l  need. Thus, f o r  example, on t h e  average 

a human being w i l l  e a t  t h i s  s a l t  i n  t h e  amount of about 15 grams a day, wi th  

a phys io logica l  need f o r  only 4 t o  6 grams. This i s  due t o  t h e  f a c t  t h a t  

s a l t  i s  used f o r  giving food a p leasant  taste. 
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An important b i o l o g i c a l  r o l e  i n  the nourishment of man is  played by 

microelements: cobal t ,  copper, z inc,  iod ine ,  f l u o r i n e ,  a r s e n i c ,  bromine, etc. 

They p lay  t h e  r o l e  of b i o c a t a l y s t s ,  going t o  make up enzymes, hormones, and 

vitamins.  

Water i s  a necessary component o f  l i v i n g  protoplasm. It  i s  t h e  so lvent  f o r  

most chemical substances i n  t h e  body. 

The body of an a d u l t  human being conta ins  about 67% w a t e r  ( r e l a t i v e  t o  

t h e  t o t a l  weight).  The amount of w a t e r  i n  d i f f e r e n t  t i s s u e s  and organs i s  

d i f f e r e n t .  Thus, f o r  example, blood plasma conta ins  about 92% w a t e r ,  muscle 

t i s s u e  conta ins  up t o  76%, t h e  gray matter of t h e  b r a i n  conta ins  84%, t h e  

white  matter of t h e  b r a i n  contains  70%, f a t t y  t i s s u e  conta ins  up t o  30%, and 1256 

bone t i s s u e  - from 1 6  t o  46%. 

A decrease i n  water  i n  t h e  body by 10 t o  11%is accompanied by s e r i o u s  

general  d i s turbances ,  and i f  t h e  w a t e r  l o s s  reaches 20 t o  30%, t h e  body w i l l  

d i e .  W e  know t h a t  w i t h  complete s t a r v a t i o n  but  wi th  dr inking  allowed, a 

human being can surv ive  from 40-45 days and even longer ,  b u t  he w i l l  d i e  i n  

4 t o  5 days i f  completely deprived of w a t e r .  

Under ordinary condi t ions ,  a n  a d u l t  human being each day r e q u i r e s  about 

40 grams of w a t e r  per  kilogram of weight. Thus, f o r  example, a 70-kilogram 

man r e q u i r e s  2-112 t o  3 l i ters of w a t e r .  This c o n s i s t s  of about 1-112 l i ters 

of f r e e  l i q u i d  ( t e a ,  milk,  soup, compote, e t c . ) ,  about 1 l i te r  o f  w a t e r  con

tained i n  t h e  food i t s e l f ,  and a c e r t a i n  amount of f l u i d  which is formed i n  

t h e  t i s s u e s  during oxida t ion  of food substances.  

Water exchange is c l o s e l y  r e l a t e d  t o  t h e  metabolism of o ther  substances,  

e s p e c i a l l y  t h a t  of minerals .  
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Assimilat ion of  Food Substances and 

General Hygienic Requirements 

Food substances taken i n t o  t h e  body are a s s i m i l a t e d  and used incompletely. 

The degree of u t i l i z a t i o n  of p r o t e i n s ,  f a t s ,  carbohydrates,  vi tamins,  and 

mineral  substances depends on t h e  i n t e n s i t y  of t h e  d i g e s t i v e  process,  t h e  

i n t a k e  of t h e  products of food breakdown t o  t h e  blood, as w e l l  as t h e  q u a l i t y  

of t h e  food. But te r  i s  ass imi la ted  b e s t  of a l l  t h e  f a t s ,  whi le  pork f a t  is 

ass imi la ted  less w e l l  and beef and mutton f a t  are worst  of a l l .  Animal pro

t e i n s  are a s s i m i l a t e d  w e l l :  meat, f i s h ,  milk,  eggs. Vegetable p r o t e i n s  i n  

bread, groa ts ,  peas and beans are a s s i m i l a t e d  less r e a d i l y .  

An important in f luence  on t h e  a s s i m i l a t i o n  of food substances i s  exerted 

by t h e i r  proport ion i n  t h e  r a t i o n .  Thus, f o r  example, a shor tage  of p r o t e i n  

i n  t h e  d i e t  w i l l  reduce t h e  a s s i m i l a t i o n  of o t h e r  food substances;  a shor tage  

of f a t s  w i l l  a l s o  have a negat ive  e f f e c t  on the  a s s i m i l a t i o n  of food by t h e  

body. 

An important condi t ion  f o r  good a s s i m i l a t i o n  of food i s  a p p e t i t e .  Cleanl i 

ness  i n  t h e  d in ing  room, a p o l i t e  and cheer fu l  mood, an  a t t ract ive s e t t i n g  

of t h e  t a b l e ,  p leasant  arrangement and s m e l l  of t a s t e f u l l y  prepared d ishes  

w i l l  i n c r e a s e  t h e  a p p e t i t e  and, consequently, t h e  s e c r e t i o n  of j u i c e s .  

One of t h e  most important requirements f o r  t h e  d i e t  is t h e  temperature. 1257 

It must not  be above 55'C. I n  t h e  case of l i q u i d  d i s h e s  and dr inks ,  t h e  most 

p leasant  temperature i s  about 50°C, whi le  i n  t h e  case of those i n  t h e  form of 

a p a s t e ,  i t  i s  40-45'C. 

Details of D i e t  f o r  F l i g h t  C r e w s  

It has  been es tab l i shed  t h a t  under t h e  inf luence  of phys ica l  f a c t o r s  

of  f l i g h t  and high neuroemotional stress, a p i l o t ' s  body may undergo con

s i d e r a b l e  changes i n  t h e  phys io logica l  func t ions  accompanied by d i s r u p t i o n  of 
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working a b i l i t y .  I n  conjunct ion with f l y i n g  a c t i v i t y ,  there i s  an i n t e n s i f i 

c a t i o n  of a l l  forms of metabolism. With oxygen insuf f ic iency ,  i n  a d d i t i o n ,  

t h e r e  is i n h i b i t i o n  of t h e  d i g e s t i v e  glands and t h e  motor func t ion  of t h e  

d i g e s t i v e  organs. 

It is t h e r e f o r e  very important t o  have c o r r e c t  o rganiza t ion  of t h e  

nourishment of t h e  f l i g h t  c rew.  S t r i c t  performance of  a s c i e n t i f i c a l l y  

developed method of feeding promotes r e t e n t i o n  of t h e  h e a l t h  of t h e  p i l o t s ,  

increas ing  t h e i r  r e s i s t a n c e  and s t a b i l i t y  wi th  regard t o  t h e  e f f e c t  o f  un

favorable  f a c t o r s  of t h e  ambient medium. 

Caloric -Content and Fo-od Composition 

A l l  measures involving t h e  organizat ion of e f f i c i e n t  p r e f l i g h t  and post

f l i g h t  nourishment must i n c r e a s e  t h e  working a b i l i t y  of t h e  f l i g h t  c r e w .  

The most important aspec ts  of t h e  nourishment of a f l i g h t  c r e w  are 

c a l o r i c  content  and composition of t h e  food. 

The food must b e  of good q u a l i t y  and must supply t h e  body of t h e  p i l o t  

wi th  a l l  necessary substances f o r  normal metabolism; i t  must a l s o  provide f o r  

h i s  energy consumption. 

The average d a i l y  energy consumption of a p i l o t  i s  about 4000 kcal .  

However, t h e  t o t a l  energy supply i n  t h e  d a i l y  r a t i o n  of a p i l o t  i s  4617 kcal ,  

i n  which p r o t e i n s  make up 134, f a t s  164, and carbohydrates 620 grams. The 

r a t i o n  of t h e  f l i g h t  c r e w  of a j e t  a i r c r a f t  has a c a l o r i c  content  of 4889 

k c a l ,  and t h e  products contained i n  t h i s  r a t i o n  c o n t a i n  140 gm p r o t e i n ,  173 

gm f a t ,  and 660 gm carbohydrates.  The d a i l y  r a t i o n  a l s o  conta ins  t h e  necessary 

amount of vi tamins,  mineral  substances,  and microelements. 

I n  d a i l y  n u t r i t i o n ,  t h e  t o t a l  c a l o r i c  content  of t h e  r a t i o n  i s  made up of 1258 

13% prote ins ,  32% f a t s ,  and about 55% carbohydrates, Hence,-the n u t r i e n t  value 

of t h e  products i n  t h e  f l i g h t  r a t i o n  f u l l y  corresponds t o  the phys io logica l  
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means of t h e  p i l o t ' s  body and makes i t  p o s s i b l e  t o  m e e t  i t s  energy consumption 

completely . 
P r e f l i g h t  NourishEent 

By p r e f l i g h t ,  w e  mean t h e  food e a t e n  dur ing  t h e  24 hours preceding t h e  

f l i g h t .  

One of  t h e  most important a s p e c t s  of t h e  food hygiene of t h e  f l i g h t  c r e w  

i s  t h e  necessary i n t a k e  of food 1-1/2 t o  2 hours  b e f o r e  takeoff .  P r a c t i c e  and 

research  have shown t h a t  when t h i s  r u l e  i s  observed t h e  r e s i s t a n c e  t o  shor tage  

of oxygen, drops i n  barometr ic  pressure ,  a c c e l e r a t i o n ,  as w e l l  as working 

a b i l i t y  of t h e  p i l o t  are increased considerably.  This i s  explained by t h e  

fact  t h a t  about 1-112 t o  2 hours following i n t a k e  of food, a t  t h e  he ight  of 

d iges t ion ,  t h e  very necessary n u t r i e n t  and t o n i c  substances are e n t e r i n g  t h e  

blood; they are v i t a l  t o  t h e  a c t i v i t y  of  t h e  body under stress and s t i m u l a t e  

t h e  a c t i v i t y  of t h e  nervous and card iovascular  systems. 

The p r e f l i g h t  d i e t  must be s m a l l  i n  volume and weight and c o n s i s t  of 

r e a d i l y  d i g e s t i b l e  and e a s i l y  ass imi la ted-h igh-ca lor ic  products, 

Following excessive ea t ing ,  a f e e l i n g  of h e a v i n e s s d e v e l o p s i n  t h e  reg ion  

of t h e  stomach, t h e r e  i s  a reduct ion  i n  t h e  v i t a l  capac i ty  of t h e  lungs and 

r e s p i r a t i o n  i s  impeded. O v e r f i l l i n g  of t h e  stomach may r e s u l t  i n  g a s t r i c  pa in  

during f l i g h t .  These pains  may b e  very severe, e s p e c i a l l y  a t  overloads.  I n  

some cases, vomiting may r e s u l t  which i s  e s p e c i a l l y  dangerous i f  a pressur ized  

oxygen mask i s  being worn. 

When f l y i n g  on an  empty stomach, t h e r e  i s  a sharp decrease i n  t h e  sugar  

content  i n  t h e  blood, as a r e s u l t  of which working a b i l i t y  may b e  reduced. 

I n  addi t ion ,  t h e r e  w i l l  b e  d e t e r i o r a t i o n  of t h e  condi t ion  which may even lead 

t o  l o s s  of consciousness. Therefore,  f l i g h t s  on an empty stomach are ca tegor i 

c a l l y  forbidden. 
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I n  the organiza t ion  of p r e f l i g h t  feeding,  s p e c i a l  a t t e n t i o n  must be paid 

t o  t h e  r a t i o  of conten ts  of fats,  p r o t e i n s ,  and carbohydrates i n  t h e  r a t i o n ,  

consider ing t h e i r  e f f e c t  on t h e  resistance of t h e  organism t o  unfavorable 

f l i g h t  f a c t o r s .  For t h i s  purpose, i t  is recommended t h a t  t h e  d a i l y  p r e f l i g h t  

r a t i o n  be made up s o  t h a t  t h e  amount of carbohydrates is 60-65% and p r o t e i n s  

make up 10 t o  15% ( f a t s  20-25%) of t h e  t o t a l  c a l o r i c  content.  -I 2 5 9  

Studies  conducted i n  barochambers and i n  f l i g h t  have shown t h a t  a shor tage  

of f a t s  and p r o t e i n s  i n  t h e  d i e t  reduces t h e  r e s i s t a n c e  of t h e  body t o  high 

a l t i t u d e s .  

I n  making up t h e  p r e f l i g h t  r a t i o n ,  i t  is  necessary t o  consider  t h e  n a t u r e  

of t h e  f l i g h t  and put  toge ther  a s p e c i a l  menu. 

On t h e  n i g h t  before  and on t h e  day of t h e  f l i g h t ,  i t  is  recommended t h e  

menu inc lude  d ishes  which are r i c h  i n  e a s i l y  ass imi la ted  carbohydrates and 

chemically s t imula t ing  t o  t h e  d i g e s t i v e  glands and have a minimum c e l l u l o s e  

content .  Such d ishes ,  f o r  example, inc lude  t h e  following: s t r o n g  meat b r o t h  

with dumplings, vegetable  bro th ,  r i c e  soup, soup wi th  macaroni o r  v e r m i c e l l i  

i n  m e a t  b ro th ,  d r i e d  her r ing ,  s t e a k  wi th  pota toes ,  l i v e r  cooked wi th  pota toes ,  

f r i e d  b r a i n s ,  chicken, nonfat  f i s h ,  macaroni o r - v e r m i c e l l i  baked wi th  egg 

yolks and ground cheese, cheese pancakes, puddings, j e l l y  made from f r e s h  

b e r r i e s  and f r u i t ,  mousse, p a s t r y ,  b i s c u i t s ,  sugar ,  marmalade, chocolate ,  

coffee,  tea, e t c .  I n  order  t o  give a b e t t e r  t a s t e  and s m e l l ,  i t  i s  necessary 

t o  add onion, g a r l i c ,  horserad ish ,  mustard, pepper, vinegar ,  d i l l ,  pars ley ,  

e t c .  These f l a v o r i n g  substances are good s t i m u l a t o r s  of t h e  i n i t i a l  flow of 

j u i c e s  and t h e  d i g e s t i v e  process  as a whole. However, these  f l a v o r i n g  substances 

must be added i n  moderate amounts, s i n c e  too much can cause d e t e r i o r a t i o n  of 

t h e  d iges t ion .  I t  i s  not  recommended t h a t  f a t t y  m e a t  o r  fowl b e  included i n  

t h e  p r e f l i g h t  d i e t ,  s i n c e  f a t  i n h i b i t s  t h e  a c t i v i t y  of t h e  d i g e s t i v e  glands 

and slows down t h e  movement of t h e  food from t h e  stomach i n t o  t h e  i n t e s t i n e .  
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It i s  c a t e g o r i c a l l y  forbidden t o  use a l c o h o l i c  beverages on t h e  n i g h t  

before  o r  j u s t  before  takeoff .  They sharp ly  reduce t h e  working a b i l i t y  and 

genera l  s ta te  of t h e  organism. 

The d i e t  must a l s o  conta in  a s u f f i c i e n t  amount of a l l  t h e  vitamins.  A s  

w e  have a l ready  s a i d ,  dur ing  f l i g h t  a c t i v i t y ,  t h e  need of t h e  body f o r  

vi tamins i n c r e a s e s  considerably.  Therefore,  i n  order  t o  make up f o r  vitamin 

def ic iency  ( regard less  of t h e  va lue  of t h e  p i l o t ' s  r a t i o n  as f a r  as content  

of b a s i c  food substances is  concerned), i t  is necessary t o  use a d d i t i o n a l  

vi tamin complexes. To do t h i s ,  i t  i s  recommended t o  use t h e  doses of vi.tamins 

l i s t e d  i n  Table 28. 

TABLE 28. I260-

The dose of Vitamins B9 and B12 depends on t h e  n a t u r e  of t h e  f l i g h t ,  

p r imar i ly  on i t s  dura t ion .  I n  a d d i t i o n  t o  vi tamins,  t h e  d a i l y  f l i g h t  r a t i o n  

of t h e  p i l o t  must conta in  1.6 gm phosphorus, 1 . 0  gm calcium, 0.02 gm i r o n ,  

2-5 gm potassium and 0.5 gm magnesium. 

I n  making up t h e  p r e f l i g h t  menu, i t  is  recommended t h a t  s e v e r a l  varieties 

of d i shes  be used on d i f f e r e n t  days f o r  b r e a k f a s t ,  lunch and dinner;  i n  t h i s  

way, any one of them can correspond t o  t h e  requirements of p r e f l i g h t  feeding. 

On the  day of t h e  f l i g h t ,  t h e  use  of products of vege tab le  o r i g i n  i s  

l imi ted .  On ordinary days, when t h e r e  are no f l i g h t s ,  t h i s  l i m i t a t i o n  is 

removed. 
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I n  organizing p r e f l i g h t  nourishment, i t  is necessary t o  pay considerable  

a t t e n t i o n  t o  prevent ive measures aimed a t  c u t t i n g  down gas formation i n  t h e  

i n t e s t i n e  ( a l t i t u d e  meteorism). 

Gas formation i n  t h e  i n t e s t i n e  i s  a very important f a c t o r  when us ing  

products i n  t h e  d i e t  which c o n t a i n  l a r g e  amounts of, p l a n t  cel ls .  Therefore,  

t h e  p r e f l i g h t  menu must exclude peas ,  beans, kidney beans, l e n t i l s ,  millet, 

oatmeal and b a r l e y ,  as w e l l  a s  kvass and carbonated water.  But f r u i t s ,  b e r r i e s  

and vegetables  may a l s o  b e  given i n  t h e  form of cream, j e l l y ,  k i s s e l ,  j u i c e  and 

puree. Rye bread, as w e l l  as pota toes ,  cabbage and o t h e r  vegetables  (following 

s u i t a b l e  t reatment  i n  t h e  ki tchen)  may b e  included i n  s t r i c t l y  l i m i t e d  amounts. 

It is  n o t  permiss ib le  t o  r e p l a c e  i n d i v i d u a l  products i n  t h e  p i l o t ' s  r a t i o n  

by o t h e r s  which might i n c r e a s e  the  content  of p l a n t  c e l l u l o s e  i n  t h e  d i e t .  

To suppress  t h e  fermentat ion processes  i n  t h e  i n t e s t i n e  and reduce gas 

formation, i t  i s  recommended t h a t  k e f i r ,  acidophylin,  sour  milk, as w e l l  as 

onions and g a r l i c  be e a t e n  on t h e  n i g h t  before  t h e  f l i g h t .  

Feeding Schedule 

For s e n s i b l e  feeding of a f l i g h t  crew, i t  is  not  only necessary t o  work 

out  a s c i e n t i f i c a l l y  based d i e t ,  b u t  a l s o  t o  maintain a c o r r e c t  feeding 

schedule.  

By feeding schedule,  w e  mean t h e  t i m e  a t  which food is taken during t h e  

day w i t h  observat ion of c e r t a i n  i n t e r v a l s  between in take ,  as w e l l  as t h e  

amounts and q u a l i t y  of t h e  d i s t r i b u t i o n  of t h e  d a i l y  r a t i o n  over t h e  i n d i v i 

dua l  meals. 

The feeding schedule must b e  s t r i c t l y  observed by t h e  es tab l i shed  order  

of t h e  day. The food must be always taken a t  t h e  t i m e  scheduled f o r  i t .  I n  

t h i s  case, thanks t o  a conditioned r e f l e x  mechanism, a c e r t a i n  rhythm of opera

t i o n  of t h e  d i g e s t i v e  apparatus  is  a l s o  e s t a b l i s h e d  i n  t h e  systems assoc ia ted  
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w i t h  i t .  Therefore,  t h e  a c t i v i t y  of t h e  d i g e s t i v e  glands w i l l  begin a t  t h e  

r i g h t  t i m e ,  and t h e  food w i l l  e n t e r  t h e  stomach which i s  a l ready  prepared 

f o r  i ts d iges t ion .  A s  a r e s u l t ,  t h e  process  of d i g e s t i o n  and a s s i m i l a t i o n  

of food substances w i l l  b e  improved. Disorderly i n t a k e  of food d i s r u p t s  t h e  

e s t a b l i s h e d  rhythm of a c t i v i t y  of the  d i g e s t i v e  system, t h e  organs begin t o  

opera te  inharmonically,  t h e  process  of d i g e s t i o n  i t s e l f  w i l l  b e  d i s t u r b e d  and 

t h e  a s s i m i l a t i o n  of food substances w i l l  be reduced. A l l  of t h i s  has  an un

favorable  e f f e c t  on t h e  v i t a l  a c t i v i t y  and t h e  working a b i l i t y  of t h e  body, 

and may f i n a l l y  lead  t o  g a s t r o i n t e s t i n a l  u l c e r s  ( g a s t r i t i s ) ,  c o l i t i s  and 

o t h e r  d i seases .  

The number of meals taken per  day and t h e i r  schedul ing is of g r e a t  i m 

portance.  

The most s e n s i b l e  way is  t o  e a t  four  t i m e s  a day wi th  i n t e r v a l s  of 4 t o  

5 hours between meals. For rest a t  n ight ,  9 t o  10 hours are provided. This 

t i m e  i s  s u f f i c i e n t  f o r  t h e  d i g e s t i v e  glands t o  rest, p r o t e c t i n g  them from 

o v e r s t r e s s .  With such i n t e r v a l s  between meals, a uniform load is  placed on 

t h e  d i g e s t i v e  apparatus ,  s o  t h a t  t h e  food i s  processed and ass imi la ted  b e t t e r .  

I n  the  usua l  o r d e r  of t h e  day (i .e. ,  when f l i g h t s  do n o t  take  place) 

b r e a k f a s t  must b e  e a t e n  a f t e r  g e t t i n g  up, and a snack i s  ea ten  t h r e e  t o  four  

hours af ter  breakfas t ;  lunch comes about an hour after t h e  end o f  work and 

dinner  comes a t  2 t o  3 hours before  going t o  bed. W e  know t h a t  t h e  order  of 

t h e  day ( t h e  beginning of t h e  f l i g h t )  may change depending on t h e  s ta te  of 

t h e  weather and t h e  problem of m i l i t a r y  preparedness.  I n  t h i s  connection, 

i t  is necessary t o  change t h e  d i s t r i b u t i o n  of t h e  d a i l y  r a t i o n  of t h e  f l i g h t  

crew. A rough d i s t r i b u t i o n  of t h e  d a i l y  r a t i o n  by meals ( i n  % of t o t a l  

c a l o r i c  content)  depending on t h e  order  of the  day i s  given i n  Table 29. 

/262 

On r o u t i n e  n ight  f l i g h t s ,  i t  is recommended t h a t  b r e a k f a s t  b e  e a t e n  a t  

t h e  end of t h e  n ight  f l i g h t ,  wi th  a snack before  going t o  bed and rest, lunch 

4 hours a f t e r  t h e  snack, a f i r s t  dinner  1-1/2 t o  2 hours  b e f o r e  t h e  n i g h t  

f l i g h t  and a second dinner  i n  t h e  i n t e r v a l  between f l i g h t s .  

276 



--- 

TABLE 29. 
___ .--T-

Meal I Non-flying Daytime f l i g h t s  During day Non-f l y i n g  
before  day i n  

2- 4 night  h o t  weather 
p.m. f l i g h t  

1st b r e a k f a s t  I I 

2nd b r e a k f a s t  10-15 20-25 20-25 20-25 

Lunch 25-20 15-10 15-10 - 20-25 


15-10
1st d inner  25-20 35-40 35-40 35-40 40-35 30-2530-25 30-25 30-25 35-30- - - 15-10 35-40-

W e  know t h a t  t h e  processes  of d i g e s t i o n  slow down during t h e  n ight .  The 

excessive i n t a k e  of p r o t e i n  i n  t h e  dinner ,  and e s p e c i a l l y  immediately before  

going t o  bed, leads  t o  a d i s r u p t i o n  of s l e e p .  Therefore,  i t  is d e s i r a b l e  t o  

inc lude  i n  b r e a k f a s t  and lunch a l a r g e  amount of products r i c h  i n  p r o t e i n  

(meat, f i s h )  while  vegetable  and milk d ishes  should predominate a t  dinner .  

Consequently, dinner  must b e  l i g h t  and ea ten  2 t o  2-1/2 hours before  going t o  

bed. 

Under condi t ions  of a h o t  climate,  a s  w e l l  as i n  t h e  summertime i n  middle 

l a t i t u d e s ,  t h e  f l i g h t  crew may experience a l o s s  of a p p e t i t e  and loss of body 

weight a s  w e l l .  Under such condi t ions,  t o  normalize t h e  nourishment, a d a i l y  

d i s t r i b u t i o n  of meals is recommended. An example of t h e  d i s t r i b u t i o n  of t h e  

r a t i o n  on a day on which no f l i g h t s  take  p lace  i n  t h i s  case i s  indica ted  i n  

Table 29. 

In h o t  weather,  t h e  menu should inc lude  cold d i s h e s ,  s a l a d s ,  p a s t r i e s ,  

snacks,  f r e s h  f r u i t s  and vegetab les ,  a l l  of which exc i te  t h e  a p p e t i t e  

and s t i m u l a t e  t h e  opera t ion  of t h e  d i g e s t i v e  glands.  

A s  w e  have a l ready  mentioned, a t  high a i r  temperatures t h e r e  i s  a con

s i d e r a b l e  i n c r e a s e  i n  t h e  need of t h e  body a s  f a r  as vi tamins are concerned. 
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It is t h e r e f o r e  necessary t o  use  a d d i t i o n a l  vi tamin complexes i n  t h e  food 

eaten by t h e  crew, e s p e c i a l l y  Vitamins C, PP and t h e  B group. 

Correct n u t r i t i o n  a l s o  depends on t h e  behavior and condi t ion  of t h e  ind i 

v i d u a l  during t h e  m e a l .  The i n t a k e  of food must t a k e  p l a c e  i n  a q u i e t  and 

comfortable atmosphere. A t  t h i s  t i m e ,  a l l  a t t e n t i o n  is  concentrated on t h e  

act of e a t i n g ,  and i t  is necessary n o t  t o  hur ry  but  t o  chew t h e  food c a r e f u l l y .  

H a s t i l y  ea ten  food is  d i g e s t e d  less r e a d i l y  and a s s i m i l a t e d  poorly.  P r a c t i c e  

i n d i c a t e s  t h a t  a f l i g h t  c r e w  should have 30 minutes each f o r  b r e a k f a s t  and 

lunch, and 45 minutes f o r  dinner .  

Under any condi t ions  of a c t i v i t y  of t h e  f l i g h t  c rew,  i t  i s  necessary t o  

add observat ions on t h e  c o r r e c t  mode of ea t ing .  It is  d e s i r a b l e  t h a t  t h e  

f l i g h t  crew dine  i n  a s e p a r a t e  d in ing  room, loca ted  near  t h e  a i r f i e l d .  When 

necessary,  t h e  food must be prepared d i r e c t l y  a t  t h e  a i r f i e l d .  

Aspects of N u t r i t i o n a l  Hygiene 

a t  t h e  A i r f i e l d  

The food brought t o  t h e  a i r f i e l d  should be prepared a t  s t a t i o n a r y  f l i g h t  

dinirlg rooms. Prepared food must b e  t ransported i n  i n s u l a t e d  conta.iners.  

This  may be accomplished w i t h  s p e c i a l  por tab le  d in ing  rooms. The h o t  food 

should not  b e  kept  a t  t h e  a i r f i e l d  f o r  more than 1 hour. When necessary,  i t  

must b e  reheated before  serv ing .  Serving of t h e  food must t a k e  place a t  t h e  

t i m e s  es tab l i shed  by t h e  order  of t h e  day i n  accordance w i t h  t h e  feeding 

schedule.  

I n  organizing feeding a t  t h e  a i r f i e l d ,  i t  i s  necessary t o  c a r r y  out a l l  

s a n i t a r y  and hygienic  requirements s t r i c t l y .  

Feeding Aboard t h e  A i r c m  

During long f l i g h t s ,  a i r c r a f t  crews w i l l  need t o  eat on board ( f l i g h t  

food packages) ,while  observing t h e  b a s i c  requirements f o r  t h e  schedule of 
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p r e f l i g h t  nourishment. I n  a f l i g h t  l a s t i n g  longer  than 4 hours,  each c r e w  

member g e t s  one food pack f o r  every four  hours h e  i s  i n  t h e  a i r .  

The c a l o r i c  content  of the  e n t i r e  food pack is  equal  t o  about 890 kca l ,  /264 

containing 25 grams p r o t e i n ,  28 grams f a t  and 129 grams carbohydrate,  as w e l l  

as t h e  required amount of vi tamins and mineral  substances.  

The products i n  t h i s  pack must have high n u t r i e n t  value,  be r e a d i l y  

ass imi la ted  and have a p l e a s a n t  taste. I n  addi t ion ,  they must conta in  very 

l i t t l e  c e l l u l a r  matter, must n o t  cause t h i r s t  and b e  ready t o  use  without  

a d d i t i o n a l  cooking. The q u a l i t y  of these  products must b e  s t r i c t l y  monitored. 

For h e a t i n g  t h e  food, i t  i s  d e s i r a b l e  t o  have devices  f o r  e lectr ic  

hea t ing  aboard long-range a i r c r a f t .  A t  the  present  t i m e ,  preserved soups 

and purees (chicken, meat, vegetable)  a r e  widely used, as w e l l  a s  preserved 

m e a t ,  f r u i t  and chocolate  sauce,  f r u i t  and milk, cream, chocolate  sauce,  

marmalade, n a t u r a l  f r e s h  f r u i t  and vegetable  j u i c e s ,  h o t  tea f lavored w i t h  

f r u i t  o r  b e r r y  e x t r a c t s  o r  c i t r i c  ac id ,  black coffee,  etc. 

It  is very important on a long f l i g h t  t o  maintain normal w a t e r  and mineral  

metabolism, i . e . ,  t o  observe a dr inking schedule.  I f  t h i s  i s  d i s t u r b e d ,  Khe 

c r e w  members w i l l  lose  weight and become t i r e d  more e a s i l y .  To avoid t h i s ,  

t h e  a i r c r a f t  should c a r r y  s u f f i c i e n t  dr inking  w a t e r  and beverages.  

To i n c r e a s e  t h e  mental and muscular working a b i l i t y ,  improve t h e  processes  

of v i s u a l  percept ion,  and r e t a i n  t h e  level of a l e r t n e s s  dur ing  a long f l i g h t ,  

a l l  c r e w  members are recommended t o  take  vitamin prepara t ions  every t h r e e  t o  

f o u r  hours (vitamin p i l l s  containing Vitamins C,  P and t h e  B group). 

The products i n  t h e  f l i g h t  c r e w  meals are packed i n  s e v e r a l  meals and i n  

several packaging varieties f o r  d i v e r s i t y  of t h e  m e a l s .  They are arranged 

f o r  uniform i n t a k e  i n  bags. The number of bags depends on t h e  dura t ion  of  

t h e  f l i g h t .  
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I n  t h e  f l igh t  bags, i n  a d d i t i o n  t o  t h e  meals, t h e r e  must a l s o  be t o o l s  /265 

f o r  opening t i n s ,  i n d i v i d u a l  tableware,  tubes f o r  dr inking  and paper napkins. 

The f l i g h t  bags,  as w e l l  as thermos b o t t l e s  w i t h  tea, c o f f e e  and w a t e r  

are loaded p r i o r  t o  takeoff  a t  t h e  a i r p o r t  and e n t r u s t e d  t o  t h e  i n d i v i d u a l  

respons ib le  f o r  feeding t h e  c r e w  during t h e  f l i g h t .  Aboard t h e  a i r c r a f t ,  t h e  

f l i g h t  bags and thermos b o t t l e s  are placed i n  t h e  l o c a t i o n s  provided f o r  them. 

It is recommended t h a t  t h e  f i r s t  m e a l  aboard t h e  a i r c r a f t  b e  e a t e n  about 

3 hours  a f t e r  takeoff ,  and then every 4 hours of t h e  f l i g h t  t h e r e a f t e r .  The 

c r e w  members take  t u r n s  i n  e a t i n g  t h e  food a s  authorized by t h e  commander of t h e  

c rew.  

Before each m e a l ,  i t  is necessary t o  check t h e  q u a l i t y  of t h e  products 

(appearance, s m e l l  and t a s t e ) .  I n  t h e  event  of t h e  s l i g h t e s t  doubt regarding 

s u i t a b i l i t y ,  a product should b e  omitted from t h e  r a t i o n .  I t  i s  c a t e g o r i c a l l y  

forbidden t o  use l e f t o v e r s  from t i n s  t h a t  w e r e  opened earlier.  

We know t h a t  i n  h igh-a l t i tude  f l i g h t s  each member of t h e  c r e w  w i l l  need 

t o  use t h e  oxygen system and n o t  take  o f f  h i s  oxygen mask. This  complicates 

e a t i n g .  I n  order  t o  s impl i fy  t h e  process ,  l i q u i d  and semil iquid foods are 

provided i n  s p e c i a l  packs. It i s  then necessary t o  fol low s t r i c t l y  t h e  

r u l e s  f o r  ea t ing .  

During h igh-a l t i tude  f l i g h t s ,  when t h e  r a r e f a c t i o n  i n  t h e  pressur ized  

chamber w i l l  equal  t h e  r a r e f a c t i o n  a t  a n  a l t i t u d e  of 5,000 m y  i t  w i l l  be  

necessary t o  t u r n  on t h e  continuous oxygen feed before  e a t i n g  and t o  loosen 

t h e  fas ten ings  of t h e  oxygen mask some 2-3 cent imeters .  Then t h e  mask can b e  

rap id ly  removed and simultaneously pul led  away from t h e  face. Each t i m e ,  as 

soon as t h e  food has  been placed i n  t h e  mouth, t h e  mask is  put  back i n  t h e  

o r i g i n a l  p o s i t i o n  and h e l d  i n  p lace  aga ins t  t h e  f a c e  while  chewing. Af te r  

t h e  m e a l  i s  over,  t h e  mask must b e  returned t o  the  normal p o s i t i o n ,  the  

fas ten ings  t ightened,  and t h e  continuous oxygen feed s h u t  o f f .  
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If the f a s t e n i n g  of the mask is  loosened dur ing  t h e  f l i g h t  due t o  some 

condi t ions  t h a t  arise o r  because of t h e  n a t u r e  of  t h e  oxygen r e s p i r a t o r y  

appara tus  and t h e  mask cannot  be removed ( f l i g h t  a t  a l t i t u d e s  above 12,000 m, 

when the cabin  p re s su re  is below t h e  p re s su re  et an a l t i t u d e  of 5,000 m),  

i n t a k e  of food takes  p l a c e  through a s p e c i a l  mouthpiece ( tube ) ,  f o r  which a 

s e p a r a t e  va lve  is  provided In the oxygen mask. I n  t h i s  case,  s p e c i a l  l i q u i d  

o r  semiliquid foods, s t o r e d  i n  s p e c i a l  tubes,  are used. 

It is d e s i r a b l e  t h a t  t h e  ind iv idua l  who i s  e a t i n g  be  observed a t  t h i s  1266 

t i m e  by some o t h e r  crew member who is using normal oxygen supply a t  t h i s  

t i m e ,  so  t h a t  he  can render  a s s i s t a n c e  i f  t h e r e  should be  a problem. 

I n  the  event of sudden decompression of t he  cabin,  e a t i n g  must cease  a t  

once; t h e  normal oxygen supply m u s t  b e  r e s to red  and t h e  p re s su r i zed  mask 

appl ied  t o  the face.  

The e n t i r e  f l i g h t  c r e w  on a long-range f l i g h t  must b e  taught  i n  advance 

t h e  technique of tak ing  food i n  f l i g h t .  

Emergency Food Supply 

I n  a d d i t i o n  t o  t h e  food pack intended f o r  e a t i n g  on a long f l i g h t ,  each 

crew m e m b e r  i s  suppl ied  wi th  an emergency food supply t o  b e  used i n  the event 

of a forced landing  o r  l e a v i n g  the a i r c r a f t  i n  a spa r se ly  populated a rea .  

This food supply is packed i n  s p e c i a l  boxes (bags) and s t o r e d  aboard t h e  

a i r c r a f t .  It may a l s o  b e  loca ted  i n  a s p e c i a l  pocket on t h e  p i l o t ' s  s u i t  o r  

t oge the r  w i th  t h e  parachute  on t h e  back of t h e  seat. 

The emergency food supply con ta ins  h igh-ca lor ie  products (chocola te ,  

sugar ,  pas t ry ,  cakes, candies ,  e t c . )  which may be  s t o r e d  f o r  a comparatively 

long t i m e  under appropr i a t e  condi t ions .  It is necessary t o  check t h e  q u a l i t y  

of t hese  products p e r i o d i c a l l y .  
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In making f l i g h t s  i n  hot climates or over the sea, the crew must have 

a supply of good quality drinking water as w e l l .  
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